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The nylon collared Elastic Stop’ nut 
PeVSE 


damages bolt threads! 


The nylon locking insert g will not seize threads, gall or remove plating 


The red nylon locking collar is an integral part of an 
Elastic Stop nut. Undersize in diameter in relation to 
standard bolt tolerances, this insert grips the entering 
bolt threads with strong, smooth nylon fingers that 
dampen impact loads and resist turning under the most 
severe conditions of vibration or shock. The perfect fit 
between bolt threads and the locking collar also serves 
to seal off internal bolt and nut threads and to protect 
them against corrosion. Furthermore the nylon insert is 


impervious to gasolines, oils, salt atmospheres, cleaning 


} ‘Tt | 
compounds and common acids. The remarkable wear 


resistance otf nv lon plus its ¢ lastic recovery make S Elastic 
Stop nuts reusable through more than a hundred on and 


off cycles 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


also maker of the por, 


f TRADEMARK 
*The Red Locking Collar is a 
Registered Trademark of ESNA 


Because an Elastic Stop nut is a one-piece unit it is 
less expensive to install than castellated nuts and cotter 
pins, or double nuts. Equally important, it is a stop nut 
that locks at any position on the bolt without requiring 
secondary “safety” devices; it is simple to adjust pre- 
cisely—it is easily wrenched off or readjusted. Elastic 
Stop nuts have been used by American industry since 
1930 to solve the toughest applications on railroad, 
automotive, earth moving and farm equipment, as well 
as on all types of electrical machinery. 

Elastic Stop nuts are available in sizes ranging from a 
watchmaker’s 0-80 through 3”, and in many standard 
finishes and materials including carbon and stainless 
steels, brass, duronze and aluminum. 


Elastic Stop Nut Corporation of America 
Dept. N27-94, 2330 Vauxhall Road, Union, N. J. 


Please send me the following free fastening information: 


( ELASTIC STOP 


nut bulletin 


Cj Here is a drawing of our product. What 
self-locking fastener would you suggest? 
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chine Can Have The Advantages 
red Lubrication...At Low Cost! 


"MINIATURE ” 
ACCUMEnE 





System 


MINIATURE SIZE FOR LIMITED SPACE — 
WITH ALL THE QUALITY OF HIGHER-PRICED SYSTEMS! 


Accumite lubricates 24 points of spring winding machine. 


1. Valves mounted directly on bearings. 2. Transparent 


lubricant reservoir. 3. Manually controlled air pump, actu- 


ated by “push-pull” valve. 


ALEMITE 


DIVISION 


TEWART-WARNER (Lh 
Excellence! 


CORPORATION 
1850 Diversey Parkway, Chicago 14, Ill. 


Symbol of 


1958 Circle 404 


Alemite—with 40 years of centralized lubrication ex- 
perience — announces an all-new miniature system 
complete with pump, metering valves and controls— 
especially designed to service many machines and vee 
hicles where centralized lubrication has been imprace 
tical until now! 

Alemite’s new midget-size Accumite system is espe- 
cially adaptable to light, precision, multiple-bearing 
machines that have limited installation space. Its small 
size and simple installation overcomes cost limitations 
in most plants. Typical applications are: packaging, 
canning, labeling and textile machines ... and machine 
tools. It is also suitable for tractor trailers, lift trucks 
and farm implements. 


ACCURATELY METERS THESE SHOTS OF OIL OR GREASE 
d 003 cu.in. 2 .006 cu.in. 7) .009 cu. in. 


ALL THE ADVANTAGES OF “BUILT-IN” 
MEASURED LUBRICATION—PLUS MIDGET SIZE! 


@ Meters exact amounts of refinery-clean lubricants to all beare 
ings whenever system is operated. 

© Eliminates shutdown time for lubrication. 

@ Seals lubricant against dirt, grit and water. 


@ Prevents bearing troubles due to neglect or use of wrong 
lubricants. 


®@ Services all bearings in one operation. 
@ Avoids work spoilage and bearing repairs due to overs 
lubrication. 


Mail coupon for 
full information! 


ALEMITE, Dept. BB-98 
1850 Diversey Parkway, Chicago 14, Ill. 


Please send me all the facts about your new “Miniature” 


Accumite system. 
Name________ 
Company_. 
Address _____. iis Chace sail ieaiaeieeeaicraaiae 
ee 
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Champion performance in a 
fist-sized pump...sealed by 


THE PROBLEM: 


To seal a rotary pump handling a wide range of fluid viscosities, pressures and temperatures 


These pumps are performing dependably in hundreds 
of different hydraulic applications. They handle any 
fluid with lubricating qualities ... deliver up to 180 
gph, and maintain high volumetric efficiency even 
with low viscosity fluids. This particular pump also 
carries Underwriters’ Laboratories approval for use 
in oil burners. For dependable sealing, C/R’s Type 


HMS Oil Seal was chosen. It performs effectively 


More automobiles, farm and industrial machines rely on C/R Oil Seals 
than on any similar sealing device. 


from 28” Hg to 5 psi, and from 50 to 8000 rpm. This 
is only one of the thousands of ways in which C/R 
Oil Seals and engineering are solving difficult sealing 
problems throughout industry. C/R engineers can 
help you, too—especially where critical conditions 
exist. A letter or telephone call will get them started 
for you. Write for your copy of the catalog, “C/R 


OIL SEALS.” 
a 
om DIVISION 


OIL SEAL 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1221 ELSTON AVENUE e CHICAGO 22, ILLINOIS 


elephone book. 


in Canada: Manufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, Ltd., 


on > Bev: Ucie) 
RAWHIDE 


Brantford, Ontario. Export Sales: Geon International Corp., Great Neck, New York 
c/R PRODUCTS: C/R Shaft and End Face Seals ¢ Sirvene (synthetic rubber) molded pliable 
parts e Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-metallic Gears 
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Front Cover: The original U. S. 
patent issued to Julien F. Belleville 
of France is superimposed on the 
French national colors by artist 
George Farnsworth. Belleville’s in 
vention of a new spring form was 
the forerunner of present-day coni- 
il-disc springs. The latter-day ver- 

e s ed in the article 
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High-Performance Steels 
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Thermal Stresses in Design . 
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motion unit that 
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Mechanisms Conference program is announced—U. S. is surveyed for 


rate—Grumman propjet has 25-yr fatigue life—proton spin 


V is battery operated—moser uses ruby 


Scanning the Field 


ocking ratchet-and-paw! 


Design in Action . 


brush-and-ring 


precetermined 


Tips and Techniques 


Exponential equations 


ma trianolesc 


Design Abstracts ..... 
New Parts and Materials 
Engineering Department Equipment . . 
The Engineer’s Library . . 
Noteworthy Patents .. . 
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IN THE NEXT ISSUE: The ideal creative supervisor . . . jet noise 
new-product costs . . . filtering hydraulic circuits . . . reinforced 
teflon . . . design of helical springs . pressure-fed bearings . 


locating hand-operated controls gear-train ratios 
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MACHINE DESIGN is sent at no cost 
to management, design and engineering 
personnel whose work involves design 
eng of machines, appliances, 
electrical and mechanical equipment, in 
U. S. and Canadian companies employ- 
ng 20 or more people. Copies are sent 
on the basis of one for each group of 
four or five readers. Consulting and in- 
dustrial engineering firms, research in- 
titutions and U. S$. government instal- 
lations, performing design engineering 
of products are also eligible. 


Subscription in United States, posses- 
sions, and Canada for home-addressed 
copies and copies not qualified under 
above rules: One year, $10. Single cop- 
es $1.00. Other countries: One year, 
$25. When requesting changes of ad- 
dress, etc., please allow four to six 
weeks for processing. 


Published every other Thursday and 
copyrighted 1958 by The Penton Pub- 
shing Co., Penton Blidg., Cleveland 13, 
Ohio. Accepted as Controlled Circulation 
publication at Cleveland, Ohio. 
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LINK: 


ink-Belt Gearmotor 





Maintains life-long alignment 


with flange-mounted NEMA motors 


coup 


trouble. 


You'll find them 1 


‘BELT 


SPEED REDUCERS 


LINK-BELT COMPANY: Executive Offi 
dustry There Are Link-Bele Plants 
Stores and Distributors in All Princ 
Scarboro (Toronto 13) Australia 

Repre 
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DETACHABLE FRONT AND REAR SECTIONS per- 
mit insertion of a variety of center-body configurations 
in this new airborne tractor being developed for Army 
Engineers. The unusual vehicle features a rear mechan- 
ical drive system which generates electric power for the 
front drive system. When ballasted (with dirt), the 















































U. 8. Army Photograph 


machine is capable of dozing and prime moving at twice 
the work potential of conventional earthmovers of com- 
parable size. It can substitute for a dump truck without 
the need for crane-shovel or loader equipment. Desig- 
nated Bat, for ballastable, all-purpose tractor, the ma- 
chine is being made by Barnes-Reinecke Inc., Chicago. 





MORE SPEED ON LESS POWER is the goal of a concentrated research 
program on underwater cargo vessels. A simple principle is involved: Sub- 
merged hulls don’t generate waves, thus have much less drag than surface 
vehicles. This jet-propelled model, conceived by Aerojet-General Corp. for 
the U. S. Maritime Commission, is controlled from a gondola atop a 100-ft 
tall strut. Air for the powerplant is drawn through the strut, snorkel-fashion. 
Underway, the ship is operated with excess positive buoyancy. A triaxial con- 
trol system mations steering control, longitudinal and transverse stabiliza- 
tion, and hydrodynamic control required to force the ship to its proper 
operating depth. In effect, the craft flies underwater. The ultimate source for 
driving the jet-propulsion pumps is a nuclear powerplant. 


Cool Jewel Outshines 
Tube and Transistor 


Man-Made Rubies Amplify 
Extremely Weak Radio Signals 


Ann Arsor, Micu.—Synthetic ru- 
bies, held at temperatures near ab- 
solute zero, promise great improve- 
ments in communication in the 
microwave frequency range of 1000 
to 20,000 megacycles. The rubies 
are part of a new amplifier de- 
veloped at the University of Mich- 
igan and called a ruby maser. Ap- 
plications of the maser would mean 
television transmission over much 
longer distances than presently pos- 
sible, communication from space 
vehicles, and improved military 
surveillance equipment. 

At the high operating tempera- 
tures of ordinary vacuum tubes and 
even during room-temperature op- 
eration of transistors, atomic mo- 
tion produces radio noise. In the 
ruby maser, the ruby is placed in 
a magnetic field and immersed in 
liquid helium, which slows atomic 
motion and drastically reduces 
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SHE is improving her figure on a Stauffer ‘Magic Couct 


Couch's most 
STRESSPROOF* 


KA ic = 
the Maaic important 


doesn't know it, Stauffer makes two of 


operating parts from La Salle ground and polished steel bars 


last longer, will be more dependable 


This means that her Magic Couch w 


Stauffer reduces cost figures, too! 








\ 


ny 


STRESSPROOF' 


‘STEEL BARS 


Stauffer reduces part costs 26% and 48% 
by using ground and polished fa dalle 


WITH COPPER 


ELIMINATES Heat Treating 
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This eccentric shaft . . . and this idler shaft, two of the 
most important parts of Stauffer's Magic Couch, were 
formerly made of heat treated C-1137. But Stauffer 
design engineers recommended a change to La Salle 
ground and polished STRESSPROOF® steel bars... 
with copper. 


The result: no need for rough grinding . . . no need 
for heat treating. Production costs were reduced 
26% on the eccentric shaft... 48% on the idler shaft. 


(ov 


a 


Str 


la Salle ground and polished STRESSPROOF® can 
help your per-part cost. It gives high strength without 
heat treating ... it machines 50% to 100% faster 
than heat treated alloys . . . it minimizes warpage 

it makes a better part at a lower cost. 


To find out how STRESSPROOF® can help you, just 
write for a copy of Helpful Data Bulletin No. 15, 
“Improve quality ... cut costs’... or for production 


applications ask for a sample bar for test purposes. 


fe Salle STEEL COMPANY 


1426 150th S 


jiana 


Circle 407 on Page 19 





ENGINEERING NEWS 





noise. The magnetic field aligns 
the electrons of the ruby’s atoms. 
Electrical energy supplied to the 
electrons is released by an incom- 
ing radio signal, producing a large 
signal output. 

Sensitivity of the maser is such 
that it can detect the tiny natural 
radio emission from any object 


warmer than the ruby itself. It 
can detect radiation from cool 
bodies a short distance away or 
from invisible stars which may be 
thousands of light years distant. 

A ruby maser will be incorpo- 
rated in a new 85-ft radio telescope 
under construction by the Univer- 
sity at Peach Mountain, near Dex- 


ter, Mich. 


HIGH THRUST-TO-WEIGHT RATIO is an outstanding feature of North- 
rop Aircraft’s T-38, twinjet trainer. It weighs one-half to two-thirds as much 
as operational fighters, has a top speed of around 850 mph. Twin-engine 
reliability is a strong safety factor in the new craft. In. the event of engine 
failure during takeoff, the plane can complete its takeoff on one engine. 
r-38 will be the first step in supersonic flight for the coming generation of 
pilots who will fly chemically-fueled bombers, Mach-3 fighters, and boost 
glide vehicles. Instructor and student are seated tandem in individually 
pressurized cockpits enclosed by separate jettisonable canopies. A fixed, clear 
plastic panel installed between cockpits provides windblast protection for 


the instructor if bailout is necessary. 


Gold-Glass Sandwich 
Makes Fog-Proof Windshield 


BIRMINGHAM, ENGLAND—Defrosters 
with fans and blowers are outdat- 
ed by an aircraft-type windshield 
adapted to automotive use. 
Originally developed for military 
airplanes by Triplex Safety Glass 
Co., Ltd., the new windshields have 
a transparent film of gold and metal 
oxide 0.0000002 in. thick inserted 
on the inner face of one sheet of 
the laminated glass. The film oper- 
ates on 24 to 240 v, and will carry 


1000 w per sq ft if necessary. Thick- 
ness of the windshield does not 
exceed 5/16 in., and curved glass 
panels up to 30 x 42 in. are being 
produced. The heated glass assures 
positive de-misting and de-icing. 

Another application of glass-heat- 
ing uses resistance wires less than 
0.001 in. in diameter which are 
practically invisible. Installation and 
operation are similar to the gold- 
film method. 

In both systems, a thermostat cuts 
off electric power when temperature 
of the glass reaches about 40C. 





Topics 


Sports cars a la mode: A group of 
air-conditioned Hillman Minx economy 
cars was offered for sale in the South 
and Southwest. Priced at $1699 plus 
$375 for the air conditioner, the 200 
cars sold “immediately,” according to 
their British manufacturer. 

e e e 

Down on the farm, U. S. leads 
Russia in mechanization. Two mem- 
bers of a Dept. of Agriculture observer 
group, who inspected farms in the 
Soviet Union, reported that Russian 
farm machinery is about 25 years be- 
hind that of the U. S. They added, 
however, that the gap appears to be 
closing rapidly. 

e lh » 

Delivery of concrete by air was the 
unusual assignment of a helicopter in 
the construction of power lines across a 
mountain range. The plane first 
brought crews to the construction sites, 
and while they prepared holes for foot- 
ings, it went back after containers of 
wet concrete. The helicopter hovered 
while the mix was poured directly into 
the holes. 


His master’s loud voice: RCA engi- 
neers have built a device capable of 
producing a noise of 160 db, which 
is 10,000 times as noisy as heavy street 
traffic. Purpose of this acoustic giant 
is testing sensitive electronic equipment 
designed for use in jet planes, missiles, 
and rockets. The noise is created by 
forcing compressed air through two 
pyramid-shaped horns into a plywood 
box measuring 5 x 534 x 6 2/3 ft. 

a a 


Clear reflection of the dentist’s op- 
erating field is provided by a new 
mirror whose surface, revolving at ap- 
proximately 21,000 rpm, utilizes cen 
trifugal force to maintain an image 
free of dental debris. Only slightly 
larger than a conventional dental mir- 
ror, the Roto-Mirra has a tiny tur- 
bine driven by compressed air de- 
livered through a plastic hose into 
the mirror handle. The mirror is a 
product of Super-Dontic Mfg. Co. Inc., 
Atlanta. 

e oa Sd 


Wave meter, for measuring the wavi- 
ness of the sea, was developed to pro- 
vide data on the force that water exerts 
against various types of piling at vari- 
ous depths. Such information is neces- 
sary to engineers designing docks or 
off-shore oil drilling equipment. The 
meter is a movable section in the mid- 
dle of piling set vertically in the wa- 
ter and attached to a pier. Strain 
gages register distortion of bars which 
hold the movable section and thus 
measure the force of the waves. 
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The 


“fanel builder 


News for and about Panelbuilders 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign Cotten Hammer ¥ laternationel, C. A. 


Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana 


A tercontinental Electr 5 poration. Ir 








SYNCHRONOUS TIMERS PROVIDE 


GREATER 


ACCURACY, FLEXIBILITY, DEPENDABILITY 


Recently, Cutler-Hammer announced 
a new line of synchronous motor driven 
control timers. Available in one, three, 
and five minute models, the new timers 
are ideally suited for all industrial con- 
trol systems requiring a precise, easily 
adjustable, dependable timing relay. 


Timer Dial Reads Directly in Seconds 
One of the many plus features of these 
Cutler-Hammer Synchronous Control 
Timers is the timer dial which is cal- 
ibrated directly in seconds. No longer 
is it necessary to guess at setting the 
timing interval. Just rotate the bronze 
pointer to the dial position correspond- 
ing to the exact interval desired .. . no 
approximations or tedious readjust- 
ments necessary. And of course, the 
direct reading timer dial serves as a 
lasting reminder as to the time setting 
without having to check its timing 
interval with a stop watch. 

The sweep second pointer provides 
a visual count down when in operation 
. a valuable feature when setting up 
closely sequenced machine operations 


Automatic Operation— 
Greater Repeat Accuracy 


The operation of these new timers is 
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completely automatic. After each tim- 
ing cycle the sweep second pointer 
returns to the start position. Also, the 
pointer will return to the start position 
if a power interruption occurs while the 
timer is in operation, thus eliminating 
the possibility of an undertimed cycle 

The Cutler-Hammer Synchronous 
Timer is ruggedly built, requiring vir 
tually no maintenance. The timers are 
not adversely affected by dust or cli- 
matic changes and maintain the highest 


degree of repeat accuracy. 

The one minute timer is adjustable 
in one second increments from 0 to 60 
seconds, the three minute timer in 3 
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PRESTEST’ INDICATING LIGHTS 
CHECK OWN BULB CONDITION 


Indicating lig } are vit to the safety 
ind proper use of many machines, par- 
ticularly in automation. But such lights 
always pose troublesome 
When an 
indicating the 
bulb burned out 
with the Cutler 
Indicating Light 
PresTest 
nects the lamp from its operating< 


question 
indicating light is “‘off’’, is it 


true circuit condition or 


4 I here 
Hammer 
Merely 


1S the Is no 
YvyuessWwork 
Pres lest 
pressing on the lens discon 
ircuit 
and checks it instantly on a continu 
ously energized test circuit » simple 
ind easy, it ends the hazards 

quent testing. Cutler-Hammer Pres 
Oil Tight Indicating Light 
inglycompact. Theresistort 
only | back-of the-pal 
the transformer type 

l . The 


come 1n S1x 


wide angle 
different colors 
information on PresTest 
matching heavy duty oil 
button units, write today 
pany letterhead for 
Publication EL-17 





second increment econds 


and the five minute timer second 
intervals—0O to 300 seconds. All three 


models are dimensionally identical and 


easily interchangeable without disturb 


ing the mounting base or wiring. ‘The 


timing unit is removed from the mount 
ing base during installation for maxi 
mum wiring freedon 


For further information, see your 
Authorized 
tributor or 

1-33- $243 


UTLER-HAMMER 
waukee 1, Wisconsin 


Hammer 


for Public 


} 
sarDy 


ation 
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Proton Serves as Probe in Magnetic Field Measurement 


NBS Finds New Value 
For Hydrogen Nucleus Constant 


WasHINGTON—Designers of indus- 
trial and scientific apparatus have 
available a new and better stand- 
ard for magnetic-field measure- 
ment. Making use of the proton 
(hydrogen-atom nucleus) as a sen- 
sitive, minute probe, the technique 
precise measurement of 
field strength and _ distribution 
in electromagnets, servomechanisms, 
and other industrial and laboratory 
equipment. 

Accuracy of the method depends 
upon exact knowledge of a funda- 
mental physical constant—the gyro- 
magnetic ratio of the proton. Last 
week, the National Bureau of Stand- 
ards announced that it had rede- 
termined this important constant. 
The new value: (2.67513 = 
0.00002) x 10* rad/sec/gauss. 

Like other atomic nuclei, the pro- 
ton behaves like a small magnet. 
When placed in a magnetic field, 
it tends to orient its axis along the 
direction of the field. However, 
the proton is also spinning rapidly 
about its axis, and the resulting 
angular momentum causes it to 
act like a Thus, in- 
stead of lining up with the field, 
the proton actually precesses about 
the field direction. The ratio of 


permits 


gy roscc ype. 


Proton precesses in a magnetic field. 
The applied field (vertical arrows) 
produces a torque on the proton 
which causes it to precess through 
the horizontal circle shown. It acts 
like a small spinning magnet with a 
magnetic moment as indicated by 
the straight arrow through its center. 


10 


angular frequency to 
magnetic field strength gives the 
proton gyromagnetic ratio, 


precession 


In reporting the new value for 
I g 


the ratio, the Bureau pointed out 
that the redetermination makes 
possible more accurate values for 
many of the fundamental constants 
of physics whose values depend 
upon magnetic field measurements. 
Examples are the electron charge- 
to-mass ratio, and Plancks constant. 


<= 


ee 


Giant apparatus is used to measure the gyromagnetic ratio of the tiny proton. 
Magnetic field generated by solenoid (center) causes protons in a water 
sample to precess at an accurately measurable frequency. Large coils sur- 
rounding the apparatus compensate for the earth’s magnetic field. 


Soviets Study Satellite Tumble 
To Solve Re-entry Problems 


WaASHINGTON—Soviet scientists are 
giving first priority to a study of 
the laws by which a. satellite 
tumbles while orbiting. In the case 
of Sputnik III, this somersaulting 
motion has been the subject of more 
than 38,000 radio measurements 
and 1200 optical observations. The 
satellite rotates around a cross-sec- 
tional axis once every 40 sec. 
Purpose of the Soviet study is 
directly concerned with returning 
a satellite to the earth. First at- 
tempts may be to return just the 
satellite’s instruments. These would 
be housed in a separate container 


and powered by a small rocket en 
gine. At precisely the right mom- 
ent, the container must be separated 
from the satellite and its mo- 
tor automatically started. Orbiting 
speed will thus be cancelled. 

However, to cancel the 
ity it is necessary to direct the 
braking rocket exactly counter to 
the motion of the satellite, and its 
flight must be carefully oriented 
so that it does not inherit the satel- 
lite tumbling action. 

So far, the scientists have solved 
only one part of the problem: Why 
the satellite somersaults. The ac- 
tion is caused by irregular combus- 
tion of the last-stage rocket’s fuel 
at the instant of pushing the satel- 
lite into orbit. 


veloc- 
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COMPLETE 
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about Aristoloy electric 
furnace carbon, alloy, 
and stainless products 
available as blooms 
billets, and bars 
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No guesswork here. Soaking cycles and tempera 
tures are accurately recorded from this room. Eact 
ot} LMlalelharelel-tih moelslegeli-leMm-laleMeel-t tlal-Mehmelial-i4 


(1a) @-) ¢-1-1 -eor-Dalel-m 7-1 allem (om aal-1-5 1010) aia sell ia-taal tal 


CONTROLLED SOAKING Produces 
Controlled Quality Steels 


Controlled heating before rolling aids in producing 
foro} a} age) i(-re mene T-111 6'me-) ¢-1-1 yam One] 0) o]-1a1-1(0 MM al-11 am oy-] 00-18) 
of soaking pits provides precise regulation of 
(Taal el-1¢-) 00 idm late mm dlanl-melelalsr-mcali-miealslelacciait 
operation. The benefit to customers — controlled 
quality and improved Aristoloy products. 


— 


THT 


- ARISTOLOY | 
STEELS 





COPPERWELD STEEL COMPANY 
Aristoloy Steel Division 
4017 Mahoning Avenue + Warren, Ohio 
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CORROSION MAP OF THE UNITED STATES 
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RUST PRODUCTION in the U.S. is proceeding at 
maximum capacity, according to an unusual and exten- 
sive index compiled recently by Rust-Oleum Corp., 
Evanston, Ill. During a 25-yr research program con- 
ducted by the company, thousands of dated and un- 
coated test panels of 28-gage, low-carbon, cold-rolled 
sheet steel were left exposed to the elements at indus- 
trial sites throughout the country. All cities of more than 


10,000 population were included. Fastest rust rate in 
the country—3 yr—occurs in Buffalo, Rochester, Erie, 


and Miami. Slowest rate — more than 15 yr — is in 


Tuscon and Santa Fe. In all major industrial areas, the 
rate is under 4 yr. Rust rate was described as the time 
required for the test panel to lose all structural in- 
tegrity. In most cases, panels were rusted through in at 
least one place. Rust bill this year: $71/, billion. 


Portable Silencers 
To Quiet Navy Jets 


BattimoreE, Mp.—Portable jet-en- 
gine silencers at various Naval air- 
fields throughout the country will 
protect maintenance personnel and 
nearby residents from excessive jet 
noise during flight-line engine run- 
up. The silencers will quiet the 
most powerful jet engines in pro- 
duction, including the J-57, J-66, 
J-71, and the J-79. The Metal 
Products Div. of Koppers Co. Inc., 
Baltimore, Md., has contracted to 
furnish 30 silencers, the first to be 
delivered in six months. 

According to the company, the 
silencer can be adapted for use with 
any type of jet aircraft, commercial 
or military. There is no attach- 
ment to the aircraft itself; the si- 
lencer is simply rolled into position 
behind the engine. 


FAST METAL-REMOVAL RATES in electrochemical machining are pos- 
sible with this 500 to 50,000-amp unit developed by Elox Corp., Royal Oak, 
Mich. Operating at 5000 amp, with an electrode area of 100 sq in., the bi 
machine will remove 30 cu in. of metal per hr. At 50,000 amp, and with 
an electrode area of 1000 sq in., it will remove 300 cu in. per hr. In op- 
eration, electrode and workpiece are submerged in a saline solution. A 
servo-feed system automatically advances the electrode into the workpiece. 


Company engineers say that the 
unit is the first completely portable 
silencer to be successfully tested be- 
hind a jet aircraft. Several of the 
design features used were developed 
by the Martin Co. and are em- 
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TORRINGTON STAINLESS STEEL 


When Airspeed 
Makes the Weather Horizontal... 


When the weather comes in at hundreds of miles per hour, no seal 
can keep rain out of exposed anti-friction bearings. 

For such applications, Torrington Aircraft Needle Bearings and 
Cam Followers are made available in stainless steel. This material 
resists corrosion pitting and prevents the formation of areas of 
increased stress in bearing contact surfaces. Life expectancy is 
greatly increased for exposed airframe applications. 

These advantages of stainless steel, coupled with the high 
inherent capacity provided by the full complement of rollers, make 
Torrington Aircraft Type Needle Bearings ideal where space and 
weight are at a premium. The Torrington Company, Torrington, 
Conn.—and South Bend 21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 
[ if 


AIRCRAFT 


BEARINGS 


TYPE RT—high strength stud 
with rollers and outer race 
designed to roll on a hard- 
ened steel track. 

TYPE NBC—inner race, outer 
race, rollers and washers 
securely fastened to inner 
race. 

TYPE NBK—inner race, rol- 
lers and self-aligning spheri- 
cal OD outer race mounted 
in spherical ID ring. 

TYPE NBF—extra heavy 
outer race for heavy rolling 
loads. Also available in 
double row NBL series. 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + BALL + NEEDLE ROLLERS + THRUST 
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ployed under license agreement 
with them. 

Tests have shown the silencer 
reduces jet noise by as much as 
30 db, equivalent to a 90 per cent 
reduction of the impact on the ear 
drum. This is enough to prevent 
hearing damage to operating per- 
sonnel and to protect close neigh- 
bors of Naval installations from jet 


Ise 


Glass-coated, ceramic capacitors, 
leveloped by Gulton Industries Inc., 
Metuchen, N. J., will operate con- 
inuously at temperatures ranging 
from —60 to 225C. Previous high- 
temperature limit for capacitors was 
50 C, according to Gulton. 

The new units, called Glennite 
Hi-T, have successfully passed 1000- 

tests at 225C, at twice their 
ited voltage. Subminiature in de- 
sign, they have an insulation re- 
sistance of 10,000 megohms at 25 C, 


00 v de. Leads are pure silver. 


25-YEAR FATIGUE LIFE is designed into the structure of Grumman’s twin- 
propjet Gulfstream. Added safety comes from the very low skin stresses in 
the pressurized compartments of the fuselage, plus a number of other fail- 
safe features. Gulfstream is the first U. S. propjet aimed exclusively at the 
executive aircraft market. Two Rolls Royce Dart engines give the new craft 
a maximum cruising speed of 370 mph at a normal cruise altitude of 25,000 
ft. The plane carries from 10 to 19 passengers and can operate from runways 
under 4000 ft long. Range is 2200 mi. Grumman will begin delivery early in 
1959 on a backlog of 27 planes. 





























40 60 80 





POWER IN A SMALL PACKAGE is provided by this 
45-lb, 30-hp gas-turbine power unit designed for a 
wide variety of drive applications. Developed by 
AiResearch Mfg. Div., Garrett he the new engine 
operates from sea level to 20,000 ft. Other specifications: 
* Turbine Speed: 53,800 rpm * Turbine inlet temp: 1460 F 


* Output shaft speed: 8000 rpm + Fuel: gasoline or kerosine 
* Overspeed cutout: 56,500 rpm ¢ Overhaul period: 1000 hr 
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Science News Challenges Operates at iI 00’ & z 
Crime, Sports, Comics ee 
Survey Shows Americans 
Read All About It, Want More 


'‘-OD bearing carries a 150-lb 
ANN Argor, Micu.—News of scien- a, | peonaslaapieprc nee A pelrnpley 
tific developments is of high inter- | ESLER ALN 
est to 25 per cent of the adult Amer- i. ions. Other special high-temperaters 
ican population, according to a sur- , bearings by ITI meet even tougher 
vey by the University of Michigan. : ; meted 
The study of 1919 adults was spon- 
sored by the National Association 
of Science Writers and New York Used in jet engine components, this 
University with a grant from the special bearing operates at temperatures 
Rockefeller Foundation. fen GOOF ic }IOBTR: emilee conerh emia 
Some significant statistics revealed RY a8 
tron and corrosion conditions, lor a mini 
by the survey are: 
¢ One-fourth of the people in- suavaieabiondiia: 
terviewed read all nonmedical sci- 
ence news items. (One-third read 
all medical items, which are gener- As with all high-temperature bearings, 
ally the preference of women, while success depends largely on careful at- 
men prefer nonmedical news.) 
e Three-fourths can recall at least 
one specific science news item. 
Two-thirds would like to see 
more science news in the papers and 
wouldn’t object to its replacing other 
news. 
Interviewees’ sources of science ginal with regard to load-carrying and 


‘of 3500 hours. Balls and 
races are special cobalt chromium-nickel 


alloy for hot hardness and durability. 


tention to internal geometry and other 
minute detail, based on experience and 
bearing engineering know-how. At high 
temperatures, available materials that 
have the required hardness, wear and 


corrosion. properties are frequently mat 


news are newspapers, mentioned by fatigue characteristics, especially when 

67 per cent; television, 41 per cent; operating temperatures exceed ceilings of 

magazines, 34 per cent; and radio, eg ee 

13 per cent. Exposure to these media 

was: Newspapers, 91 per cent; TV, We have designed and manutactured 

86 per cent; radio, 81 per cent; mag- 

azines, 66 per cent. variety of requirements as to speed, load, 
To make room for more news- temperature and service life. 

paper coverage of scientific items, 

19 per cent of those interviewed IF YOU need anti-friction bearings of special shape, size, heat 

would reduce crime news; 17 per resistance, corrosion resistance, low torque, ultra precision, non- 

cemt, sports news; 13 per cent, ad- magnetic properties, or other unusual characteristics, we can 

vertising; 6 per cent, politics; and 

5 per cent, scandals. A dedicated 

10 per cent would even give up the 

comics. 


Dr. Robert C. Davis, UM Study NEW 24-PAGE BEAR- 


Director, describes the “science con- INGS BULLETIN 
sumer” as young or middle-aged, setiis aniiiie tte 
generally above average in income 
and education with a high level of 
science information, interested in 
keeping up with the world, curious 
to learn how science will determine 
his destiny and his chances for sur- 
vival; he deems science beneficial 
and does not blame scientists for 
possible bad consequences of their 
discoveries. 

Dr. Davis estimates that at the 
time of the survey newspapers de- 
voted less than 5 per cent of their 
space to science news. However, 


high-temperature bearings to meet a wide 


supply them — designed and built to your specific requirements 


We invite your inquiries 


involved in special 
bearing applications, 
and describes our 
work in this field. 
Write for Bulletin 
AFB-2 


- 3679 JACKSON RD., ANN ARBOR, MICH. 


the study was made back in 1957. | OWESTERN (DIVISION PLANT: COMPTON, CALIFORNIA 
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Curved inlet @ directs incoming air in downward helical Diaphragm of large area @ is of High velocity venturi section @ provides 
3 ’ impuritie: d condensate are ‘thrown BUNA-N—imparts extra sensitivity for ultra-fine, enduring atomization at air 
sides and response to even minute reduced pres- flow rates even less than 1 CFM. An 
sure variations. Aspirator @ acts exclusive by-pass feature @ provides 
directly on diaphragm, providing in- lubrication at high flow rate without 
oad ak hea stant compensation for fluctuating excessive pressure drop—wide range 
Ol larger oad assures precise control and performance in one unit. Proof of lubri- 
t f lizes pressures reaching individ- cating efficiency assured because all 
of equipment. visible metered oil is atomized. 


NOW! Get this efficient TRIPLE LIFE-GUARD 


protection for your pneumatic equipment 


A continuous supply of clean dry air . . . at a constant pres- You can expect high efficiency from the Watts line of 
sure .. . with just the right amount of lubrication provided advanced-design air line filters, regulators, and ‘“Perma- 
at points of friction and wear. Air-operated equipment Fog” lubricators. It’s the quality assembly. Specialists in 
requires this three-way protection today; the Watts com- protection and control devices since 1875, Watts is setting 
bination of pneumatic controls assures it. new standards of efficiency in pneumatic operation. 


FILTERS 
REGULATORS . YOUR SAFE PROTECTION 
LUBRICATORS 


Circle 412 on Page 19 Watts Regulator Company—Industrial Division—8 Embankment Road—Lawrence, Massachusetts 





It's a technical bulletin as well as catalog, describing the complete line of Watts Pneumatic Products 
Complete engineering and operational data is furnished so that each page is, in fact, a specification sheet 


Saves valuable time for the designer 
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Actuators, Adv. 177 

Aluminum and alloys, Edit. 
Adv. 53 

Amplifiers, Edit. 148, 177, 184 


Bearings, ball, Edit. 148, 162, 
15, 21, 62, 69, 180, 195 

flange-block, Edit. 170 
miniature, Adv. 190, 191 
needle, Adv. 13 
rod-end, Adv. 152, 168 
roller, Adv. 21, 69, 96, 151, back cover 
sleeve, Adv. 185, 187 
thrust, Adv. 81 

Bellows, Adv. 60 

Blowers, Edit. 183; Adv. 101 

Books, Edit. 190 

Brakes, Adv. 184 


Cams, Edit. 110, 192; Adv. 165 
Caps, Adv. 197 
Castings, die, Adv. 102, 166 
iron, Adv. 153 
steel, Adv. 161 
Chain, conveyor, Adv. 51, 172 
transmission, Adv. 156, 172 
Circuit breakers, Edit. 170 
Classified ads, Adv. 202 
Clutches, Edit. 125; Adv. 46, 174, 179, 184 
Coatings, protective, Adv. 41, 100 
Connectors, electric, Edit. 168, 185; Adv. 
80 
Contactors, Adv. 45 
Controls, electric, Edit. 148; Adv. 9, 45, 
170 
hydraulic, Edit. 182 
liquid-level, Adv. 196 
pneumatic, Adv. 16 
Counters, Edit, 166 
Couplings, fluid, Edit. 174; Adv. 199 
shaft, Edit. 175, 181; Adv. 154, 163, 168 


Cylinders, Adv. 37, 73, 155 
hydraulic, Adv. 67, 83, 94 
pneumatic, Adv. 199 


Dashpots, Adv. 195 

Differentials, gear, Edit. 162 

Drafting equipment, Edit. 187; Adv. 33, 
35, 47, 72, 149, 184, 198, 200 

Drives, adjustable-speed, Edit. 147; Adv. 
92, 167, 186, inside back cover 


Electric equipment (see specific type) 

Electronic chassis design, Edit. 116 

Electronic equipment, Edit. 178, 184 

Engineering department (see Management 
or Drafting) 

Engineering societies, Edit. 22 

Engines, Edit. 122; Adv. 98 

Extrusion, Edit. 147 


Fasteners, bolts, nuts, screws, Edit. 165, 
186; Adv. inside front cover, 40, 56, 
78, 195, 202 
insert, Edit. 171; Adv. 173, 175 
locking, Adv. 87 
pin, Edit. 178; Adv. 29 
retaining rings, Adv. 85 
rivet, Adv. 61, 90, 193 
Feeders, parts, Adv. 178 
Filters, Edit. 183 
Finishes (see Coatings) 
Fittings, pipe, tube and hose, Adv. 
Forgings, Adv. 75, 206 


Gaskets, Adv. 177 
Gears, Edit. 147, 165; Adv. 201, 202 


Handles, Adv. 201 


Heat exchangers, Adv. 157 

Heaters, Adv. 186, 197 
High-temperature materials, Adv. 50 
Hinges, Adv. 196 

Hose, nonmetallic, Adv. 42 

Hydraulic equipment (see specific type) 


Indexing mechanism, Edit. 134 
Induction heating, Edit. 147 
Instruments, Edit. 171, 180, 182 


Jacks, worm gear, Adv. 182 
Joints, ball, Edit. 172 


Lighting, Edit. 192 
Lubricants, Adv. 64 
Lubrication, Edit. 147, 148 


Lubrication equipment, Adv. 1, 79 


Machines (see specific type) 
Machining facilities, Adv. 53 
Management, engineering, Edit. 104 
Meetings, Edit. 37 
Metals (see specific type) 
Metals, low melting point, Adv. 198 
Motors, electric: 

fractional and integral hp, Edit. 32, 147, 

148; Adv. 48, 76 
gearmotors, Adv. 5 
subfractional hp, Edit. 162; Adv. 164 


Motors, pneumatic, Edit. 179 


Packings, Adv. 43, 93, 158 
Pipe, Adv. 38, 43 
Plastics, Edit. 34, 171; Adv. 50, 97 
lugs, Adv. 201 
Pneumatic equipment (see specific type) 
Powder metallurgy, Adv. 159, 187 
Power screw drivers, Adv. 178 
Power supplies, Edit. 188 
Pulleys, Edit. 172; Adv. 183 
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Pump-motors, Adv. 31 


Pumps, Edit. 194 
hydraulic, Adv. 160, 183, 197 


Recorders, Edit. 189 

Reducers, speed, Adv. 5 

Regulators, flow, Adv. 86 

Relays, Edit. 175; Adv. 26, 45, 84, 192 
Rubber, Edit. 170 


Scales, weighing, Adv. 188 
Screws, power, Adv. 9] 
Seals, Ad 

rechanical, Adv. 55, 166 


Shafts, flexible, Adv. 34 
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Sheaves (see Pulleys) 


Solenoids, Adv. 200 
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Torque converters, Ade 52, 176 
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CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 



















































Index to New Parts & Helpful Literature 
BY ITEM NUMBERS 
HELPFUL LITERATURE—descriotions stort on poge 150 

ITEM ITEM 
NUMBER NUMBER 
icated Metal r 1 629 
Phase Motors 602 630 
trical Insulations é s 631 
Fluorocarbon Plast 632 
Small Drives 633 
to 6 624 
607 Car i 35 
€ Float Valves ... ; co. Oe 
t Stainless Hose Clamps €37 
§ ers 610 Regulating Valves — 638 
Cc ers ‘ . 611 n Potentiometers , 639 
Rotary & Swing Joints 612 Phenolic Products . .. 640 
Lighting Ideas 613 Rotary Power Units . . 641 
High-Voltage Terminals 614 Clutch... 642 
> 615 Speed-Changing Drive ‘ ‘ 643 
Bars ; 616 Prope sliant Actuated Units 644 
317 d raft-Missile ” Swit hes 645 
Tables 618 s Elimin 616 
tehes 619 I ch ee 
> Pumps & Motors 620 Stainless Tubing ........ ~ .-. 648 
lay Timers —— Production Facilities ac deeth oe ee 
Valves a ‘ 622 Adjustable Speed Drives ‘ oocsn Se 
Miniature Lampholders ‘ . 623 Research & Production ...... . 651 
Packaged Drives ........ : 624 Investment Casting ...... “6% seu 
Space-Saving Motors ........ 625 Drafting bee Sy wr aeackte S cl bawe a ee 
Thermistors ; ° 626 Silicon Rect rs a hes eine a iy Ga ke gs ee 
Evaluating Pri nt Par er 627 Rotary Torqu 1e Actuators Torre Cs 
Variable Displacement Pump . 628 Camere B WHO ccccccceccccccseces CF 

NEW PARTS & ENGINEERING EQUIPMENT— descriptions start on page 162 
ITEM ITEM 
NUMBER NUMBER 
Miniature Differential . ae ae Proximity Switch ..... pec on eee Oe 
Thin-Section Bearings . wees 658 Transistorized Ampli fiers” sis .. 683 
Spring Cartridges .. . 659 Miniature Photoheads ... er 
Miniature Motor ch . ‘ .. 660 PE ati adiys adhastb400008 tae ses ee 
Gear Boxes ... . ° ee Solenoid Valve . . Ss a ee 
Cap Nut . P ited ice <TC. Rotary AW Meter .cc.ccccscees .. -687 
Subminiature Switch . ‘ 663 Rotary Switch ......... Sets 2 oe 
Electric Counter -.. 664 Flow-Rate Indicator ................ 689 
Sand-Cutting Alloy ... oeRein . 665 Lock-Washer Terminals ............ 690 
Miniature Valve are e ee ° 666 COUPENG .nccccces ‘. —bewerecsaccw i 
Zippered Tubing , 667 eM rer rere rer ye 
Terminals and Connectors ‘ 668 Pressure Control ......ccccccceccsee GOS 
Circuit Breaker ........ es 669 Miniature BIOWEF . wc. ccscsccceccesss CM 
Flange Block ‘ 670 Air Filter +e 2 oS a. 
Silicone Rubber Compounds 671 Transistor Mounting .. ; wu sod ae 
i 672 Magnetic Amplifier ... “ ere. 
1, ° --+ 673 Tubing Assemblies ... ‘ diecccen ee 
Flowmeters .. neeee ; 674 RTS ee iccces se 
Ball-Joint Assembly .... . 675 PEPE ago as kavetho uve whe secant ee 
Variable-Speed Pulley . ones 676 ee rer ra 
Qui =- Connect Couplings : 677 Isometric Template .... hivcvee nee 
i-Plastic Tubing ' eon WOO 3readboards and Hangers ea oa ce 
Electr mic Relay , -. 679 Pressure Transducer . 704 
Drives and Couplings .. F -.. 680 Miniature Power Supplies .......... 705 
Oil-Pressure System ... <a . 681 Tape Recorder ... bk Spernas 706 
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ANALYSIS — Kaydon 
studies every pertinent 
bearing requirement, such as 
speed, load, safety, opera- 
ting and fatigue life factors. 


KAVDON, 


tom bearing designers 
can prove or improve your product 
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Typical Kaydon-developed 
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World's largest precision ball 
bearing (165") designed 
and built by Kaydon, rotates 


radar antennae oe 
— 
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radial ball aie. 
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World's newest 
Thin-Shell Needle 
Bearing — for 
automotive and 
industrial use 


bearing — 
Kaydon ‘‘Reali- 
Slim,'" 12.00” 
1.0., 12.500” 
O.D., .250” thick 
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DESIGN — Kaydon en- 
gineers bring an un- 
equalled fund of knowl- 
edge and bearing design 
experience to your project. 


\ \ 4 
N 


\\ 


a 
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MANUFACTURING 
AND TESTING— Com- 
plete, modern fabricating 
facilities . . . precision con- 
trol of all quality factors. 
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Constantly growing in membership and financial 
assets, societies serve engineers at local, national, 
and international levels in technical, educational, 
and professional matters. Today, however, they are 
being challenged to provide effective leadership, and 


many seek adoption of a workable plan for unity. 
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ENGINEERING societies are 
booming, pacing the hectic growth 
of the engineering profession itself. 
With few exceptions, their coffers 
are expanding, membership _ lists 
are growing, and headaches are 
multiplying. ASME for the year 
1956-57, for example, reported ex- 
penses of $2,307,000; SAE, $1,- 
841,000; and ASM, an estimated 
$2 million. 

As revealed by the size of their 
budgets, some engineering societies 
are large, complex organizations 
engaged in a multitude of activi- 
ties. In technical and certain other 
activities, they do very well. In ef- 
fectively promoting professionalism 
and reaching the interests of indi- 
vidual members, they are not doing 
as well as many members expect. 

Society officers at the national 
level keep carefully attuned to the 
situation. They act through com- 
mittees, conduct surveys, and make 
progress toward unity — slowly. 
They try, with varying degrees of 
success, to reach their members. 

Over-all, the activity of techni- 
cal, educational, and. professional 
engineering societies has reached 
jumbled proportions. Societies over- 
lap, special-interest groups break 
away to form splinter organizations, 
and independent groups merge. In- 
side each organization, some mem- 
bers demand more specialization, 
others protest overspecialization 
and, almost invariably, too many 
members fail to attend meetings. 

But on the positive side, more 
and more attention is being paid 
to professional and educational en- 
gineering societies and ultimately, 
to unification of all groups serving 
the engineer and his profession. 
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Societies... 


> Founder Societies 


Of the more than 100 engineer- 
ing societies scattered throughout 
the country, perhaps the best 
known are the “Founder Societies.” 
These include the American So- 
ciety of Civil Engineers (ASCE, or- 
ganized 1852), the American So- 
ciety of Mechanical Engineers 
(ASME, 1880), the American In- 
stitute of Electrical Engineers 
(AIEE, 1884), the American In 
stitute of Mining, Metallurgical, 
and Petroleum Engineers (AIME, 
1871), and the American Institute 
of Chemical (AIChE, 
1908). 

Xepresenting a combined mem- 
bership of more than 215,000 en- 
gineers, these five 
jointly in a number of programs, 
one of which is the erection of a 
new United Engineering Center in 
New York, to be completed in 1960. 
The $10-million, 20-story building 
will serve as headquarters for the 
Founder Societies and for eleven 
associated United Engi- 
neering Trustees Inc., an organiza- 
tion set up by the Founder So 
cieties, is in charge of planning and 
construction of the building. 

The Founder Societies also sup- 
port the Engineering Societies Li- 
brary, largest nongovernmental col- 
lection of technical volumes in the 
world. The library makes books 
available to society members 
throughout the world. More than 
half of the users make their re- 
quests by telephone or mail. Four 
of the Founder Societies (excep- 
tion is AIChE) also sponsor a 
placement service, the Engineering 
Societies Personnel Service (ESPS), 


Engineers 


societies act 


societies. 


September 4, 1958 


which has offices in New York, De 


troit, Chicago, and San Francisco 


> Action and reaction 


Each society, of course, promotes 
a multitude of activities for its own 
members in their areas of engineer 
ing interest. Meetings and activities 
of ASME, as an example, illustrate 
similar operations of each of the 
other Founder Societies. 

In ASME’s last 
former president William F. Ryan 


] 
annual report, 


SOc iet\ S prog 


commented on the 


ress in technology: 


on of Code 


Viaence ol 


However, in the same report, he 


observed a_ significant number of 


delinquencies in dues and resigna 
tions: 


| i a 
Obviously the Society has failed to meet 


the expectations of a large numbe r, in 


and_ the 


another, 


resignation and delinquency 


manner or 
> st idied intensively. 


What then should members expect? 
Dr. Mervin J. Kelly, president of 
Bell Telephone Laboratories, has 
described the function of societies: 
“Engineering societies are reposito 
ries of the fundamental and ap- 
plied technical knowledge of their 
fields and are agencies for its dis- 
semination. Their meetings, publi- 
cations, and committee 
crystallize thought on the techni 
cal problems of the 


activities 


engineering 


Big Business 


profession and insure that advances 
widely 


general 


in technology become 


known and available for 
application 

“They co-operate in establishing 
the necessary standards for our in- 
dustry. They make large contribu- 
tions to the professional status of 


engineering. Their numerous 


awards encourage invention and 
creativeness.” 

But engineers join societies for 
reasons of their own: | Societies 
» community of technical 


They keep 


updated. 3. 


provide 
members 
Member- 


shiy ‘ing i it an element of 


nterest 
‘chnically 

prestige 4. Societies can effectively 

represent members in areas which 

they, as individuals, cannot reach 
An ASME poll of its members, 

taken several years ago, sheds some 

light on their attitudes. Of 

than 20,000 replying, 55 

reported attending none of 

vious year’s meetings, and onl) 

per cent claimed to have 

half or more of their sect 

ings. 

were 

} rs 


tor attending meeting 


Reasons 
reason given 
was “interest in technical subjects” 
—for not attending, a noncommittal 
“other commitments.” Queried on 
their choice of a subject for meet 


ings, members voiced trong pref 
erence for practical aspects 

: 
posed to theoretical or commercial 


aspects. 


» Efficiency — 445% 


Organizations outside the Found 
er Societies, such American 
Societv for Metals (ASM), the So- 


ciety of Automotive Engineers 


, 
as the 
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ECPD 


Members: ASCE, 
ASME, AIEE, E1C 
AIME, AIChE, 


oO 
PS 
&Y 


EJC 


Members: AWWA, 
ASEE, ASCE, ASRE, 
ASHAE, SAME, 
ASME, AIEE, 
AIChE, 
AIME 


PROFESSIONAL 





NSPE 


45,000 + 


ENGINEER 


MEMBERS 


AIEE plan... 


for coordinating activities of engineering societies 


(SAE), and the Institute of Radio 
Engineers (IRE), have also proved 
itstandingly successful. ASM, for 
example, manages to return $44.50 
worth of services annually to its 
more than 30,000 members, in ex- 
change for $10 annual dues. 


Services to members include: | 


Metal Progress, monthly engineer- 
Metals Review, 


monthly digest and review of all 


ing journal. 2. 


metals articles published through- 
Transactions, an- 
technical 
presented at the society’s annual 
onvention. 4. Metals Handbook. 
1300-page reference work prepared 


out the world. 3. 


nual volume of papers 


by 2500 contributors, and updater 


supplements. 5. Home-study cours- 
for which 767 students enrolled 
within 15 months after inception 
the program. 6. National Metal 
annual metal industry 
National Metal Expo- 
a tremendous 
cess held in conjunction with 
the National Metal Congress 8. 
Books published by ASM at 20 
per cent discount each year during 
joining time. 9. Employment Serv- 
by which members’ 
brought to attention of 
employers, available to 


Congress, 


meeting. Fs 


commercial 


registra- 
n are 

prospec tive 

both members and employers at no 
Future program for ASM includes 


ion of a new headquarters 


building outside Cleveland, creation 
of a home-study division of their 
Metals Engineering Institute, and 
the creation of a division for metal- 
lurgical seminars. Tentatively 
planned for the future are a Metal 
Institute and a Metal 
Science University. 


Research 


> Vertical vs. horizontal 


Society of Automotive Engineers 
differs from many other technical 
societies in that its members are 
drawn almost entirely from a nar- 
row group of industries, and they 
are not all engineers. 

In a sense, SAE is a vertical type 
of organization in contrast to such 
horizontal societies as ASME, which 
consists almost entirely of mechani- 
cal engineers drawn from all types 
of industries. 

Several years ago the society in- 
vestigated the question of whether 
or not it should expand its subject 
coverage into areas of management 
or professionalism, but concluded it 
should “stick close to its knitting.” 
Although it is strictly technical, 
SAE does not have such rigid quali- 
fication requirements as do other 
societies. Membership includes ev- 
erybody from company presidents 
to owners of service agencies—from 
automotive designers to supplier 
salesmen. But SAE is most suc- 


cessful in disseminating technical 
information—and also in gaining 
interest of its members. 


> Auxiliary targets 


In addition to the technical en- 
gineering organization, special soci- 
eties serve specific areas of interest 
to the engineer. The National So- 
ciety of Professional Engineers 
(NSPE), founded in 1934 and num- 
bering more than 45,000 members, 
devotes its entire effort to the pro- 
fessional, ethical, and social aspects 
of engineering. Its membership 
consists of registered professional 
engineers-—-common in public works 
and consulting-engineering organi- 
zation, but less common in industry 
The society concentrates on ad- 
vancement of the engineering pro- 
fession in the fields of employment 
practices, ethical practices, legisla- 
tion, salaries and fees, military af- 
fairs, public relations, and educa- 
tion of young engineers. 

Technical societies sometimes 
form intersociety associations. One 
such is the Engineers’ Council for 
Professional Development (ECPD). 
made up of the Founder Societies 
and three others: the Engineer- 
ing Institute of Canada (EIC), 
American Society for Engineering 
Education (ASEE), and the Nation- 
al Council of State Boards of Engi- 
neering Examiners (NCSBEE). 
ECPD seeks to advance the engi- 
neer professionally through the co- 
operative support of the member so- 
cieties. ECPD over the years has 
been established as the recognized 
accrediting agency for engineering 
college curricula. 

Still another type of engineering 
society is the Engineers Joint Coun- 
cil, a federation of 10 engineering 
societies. Composed of the Founder 
Societies and the American Water 
Works Association, the American 
Society for Engineering Education, 
the American Society of Heating 
and Air-Conditioning 
the American Society of Refrigerat- 
ing Engineers, and the Society of 
American Military Engineers, EJC 
acts as an advisory and co-ordinat- 
ing agency and serves as a clearing 
house among technical societies. 


Engineers, 


> In pursuit of unity 
AIEE last year advanced a plan 


for co-ordinating activities of engi- 
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The plan would 
assign responsibility for co-ordinat- 
ing educational matters to ECPD, 
technical matters to EJC, and pro- 
fessional matters to NSPE. ASME’s 
former president reported: 


neering societies. 


In my meetings with the members and 
executive committees, a tremendous in 
terest has been evidenced in achieving 
unity of the engineering profession. A 
meeting of eight presidents (ECPD, 
NSPE, EJC and the Founder Societies) 
initiated a movement which has far 
In June, AIEI 


adopted a constructive policy aimed to 


reaching possibilities. 


reduce conflict, confusion and _ dupli- 
cation of effort among the three princi- 


While 


only a step toward effective unity, the 


pal agencies for unified action. 


policy is, I believe, a highly realistic 


one under existing circumstances 
However, ECPD has reported: 


The AIEE proposal of delineation of 
functions among ECPD, EJC, and _ the 
National Society of 


gineers is considered by many as a step 


Professional 


toward unity. Other expressions of opin- 


ion have it to be a step backward. 


The present tangled organization of 
independent engineering 
presents obvious deficiencies which 
the AIEE proposal seeks to elimi- 
nate. One major problem in today’s 
society setup is that too often there 
are no clear-cut boundaries between 


societies 


engineering societies and no clear- 
cut lines of authority. Most telling 
charge leveled against societies from 
most engineers is they don’t pro- 
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vide the effective leadership engi 
neer members lock for. 

As central focal points 
which engineers can rally for lead- 
ership in professionalism or in the 
setting up of engineering as a pro- 
fession, they don’t approach the ef- 
fectiveness of such groups as the 
American Medical Association or 
the American Bar Association. At 
the same time, it must be observed 
that the road to distinct profession 


about 


alism for engineers, most of whom 
are company employees, is far more 
difficult to navigate than for either 
doctors or lawyers. 

The Intersociety Relations Com- 
mittee of NSPE, re-examining 
NSPE’s original negative position, 
recently went on record as favoring 
adoption of the plan and recom- 
mended to the NSPE Board that it 
approve the AIEE plan in principle 
However, the requirement that 
NSPE open its membership to quali 
fied engineers whose work does not 
by law require registration—as well 
as to registered engineers—has met 
with resistance by NSPE members, 


1 


and will require further 


action al 
the state levels. 

The committee emphasized _ th 
present excessive duplication of so 
tabulated de- 
adoption of the 


ciety activities and 
ficiencies which 
AIEE proposal would remedy 


Waste of member 
ficers and 


the impact 


GAS TURBINES, designed for 
high horsepower, low weight, ac- 
celerate 55-ft boat from dead stop 
to 35 mph in 12 sec. The same boat 
using diesel power takes more than 
1 minute to reach only 22 mph. The 
two 500-hp gas turbines, made by 
the Solar Aircraft Co. of San Diego, 
Calif., weigh a total of 4400 Ib, 
about one-sixth the weight of die- 
sels of equivalent power. The 55-ft 
crew boat, built by Sewart Seacraft 
of Berwick, La., can be easily con- 
verted to an offshore cruiser 


objectives; 

those at 

rected; and cancellation 
of these activities 


tions may be working 


Under terms of the proposal, EJ¢ 
would function primarily as a co 
ordinating body for technical mat 
ters crossing the boundaries of th 
various disciplines. It would retain 
its interest in the recognition of 
specialties, honors for engineers, the 
National 
relations with corresponding bodies 


EJC would, 


however, have to give up certain 


Engineers Register, and 


in foreign countries. 


of its activities that bear on profes 
sionalism. 

EPCD would continue its interest 
in the education and development 
of young engineers, the establish 


ment of standards for engineering 


education, the accreditation of en 

gineering curricula, and the canons 
ECPD operations, under 
1 


terms of the AIEE proposal, would 


ethics 


not be affected to any great degree 

NSPE reports it has no activities 
that conflict with activities of either 
EJC or ECPD 


1 ‘ 
activities relatin 


It would continue 


- to registration Ol! 


engineers and economic considera 
tions in the employment of engi 
including salaries and fees 
NSPE alone would be responsible 
for formulating rules of behavior 
under the ECPD canons of ethics 
and for discipline under these rules 


B. D. Ross 


neers, 


Transpolar Under-Ice Sub 
Used Celestial Navigation 


Great Neck, N 
tory-making 
transpolar trip, 
equipped with the 
navigational 
sembled for | 
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UNIVERSAL POLE RELAYS 


UP TO 14 CONTACTS PER RELAY 


New Clark Universal Pole Relays now double the 
available number of contacts per relay. Each universal 
pole contains two isolated contacts—one normally open, 
one normally closed. Melamine barriers and spacing 
provide 600-v clearance between contacts. Contact 
specifications same as for other “PM” relays: 10 ampere 
rating, wiping action, same spring pressure and contact 
opening. Universal poles are interchangeable with con- 
vertible poles of “PM” relays. These relays, combined 
with the others shown above, now provide a range of 
integrated control relays covering practically every 
requirement, in minimum panel space. 


Line up with other Clark relays on a panel! 


TIME DELAY RELAYS 
2 or 4TIMED CONTACTS — up to 6 INSTANTANEOUS CONTACTS 


New Clark Pneumatic Time-Delay Relays are designed 
for modern panels. They match physically other relays 
in the Clark “PM” line, with the same modular design. 
Timing head occupies the space of 2 poles above magnet. 
Universal poles each have isolated normally open and 
normally closed contacts, with 600-v clearance, saving 
panel space by doubling the number of contacts per 
pole. Timed and instantaneous poles are identical. Avail- 
able for “ON-DELAyY” or “OF F-DELAyY” operation (time 
delay after energization or de-energization). Easily 
convertible by reversing magnet. 


Line up with other Clark relays on a panel! 


Write for Complete Information 


Detailed descriptive bulletins are available for 
all relays in the Clark “PM” line. Contact your 
nearest Clark sales office or write us direct. 


Circle 414 on Page 19 
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OF CONTROL RELAYS AVAILABLE TODAY! 























CONVERTIBLE POLE RELAYS 


2 TO 12 POLES 


The original line of space-saving control relays featuring 
exclusive Clark “sectional-pole” or “modular construc- 
tion”. Revolutionary design provides 10 standard units, 
with 2 to 12 poles, from 5 basic models. Stocking of 
relays and spare parts is greatly simplified. Poles are 
easily converted from normally open to normally closed 
and vice-versa. Single deck models, with 2 to 8 poles, 
have identical mounting dimensions. Double-deck 
models, 6 to 12 poles, have mounting dimensions iden- 
tical with NEMA size 1 starters. Individual poles are 
front removable without disturbing wiring. 


Line up with other Clark relays on a panel! 


alin 
he CLARK 


Everything Under Control ' | 1 


IN CANADA: CANADIAN CONTROLLERS, LIMITED 


LATCH RELAYS 


2 TO 10 POLES 


New Clark mechanically-held, latched-in relays have 
same modular design as “PM” relays — with latch unit 
occupying. the space of two poles above magnet. No 
increase in height—saving panel space. Latch unit has 
its own continuous duty coil, allowing one more pole 
for circuit use since a relay pole is not needed to cut 
out coil when energized for sustained periods. As with 
all Clark relays illustrated, extra poles, coils, magnet 
assemblies and other components are available in kit 


form—a time saver for maintenance men. 


Line ur 


CONTROLLER Company 


1146 East 152nd Street * + 


Cleveland 10, Ohio 


* MAIN OFFICES AND PLANT, TORONTO 
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submerged. Because inertial navi- 
gation systems available today, such 
as that aboard the Nautilus, tend to 
“drift” over prolonged periods of 
time, there are obvious tactical ad- 
vantages in a check system which 
permits navigational corrections 
while submerged. Details on the 
SCAR system, developed by Sperry’s 
Marine Div., remain classified. 


Portable Color TV System 
Will Operate from Batteries 


Developed For 
Closed-Circuit Use 


New Yorx—An experimental T\ 
system contained in two compact 
units and weighing only 65 pounds 
has been developed by RCA. It uses 
less power than the headlights of 
an automobile and can be run either 
with batteries or a fixed power sup- 
ply. The system is designed for 
closed-circuit applications and will 
see use in industry, defense, educa- 
tion, and research. 

The two packages comprising the 
experimental system are a 20-lb 
camera that uses three develop- 
mental '/-in. Vidicon pickup tubes, 
and a 45-lb control and monitor 
unit about the size of a suitcase. The 
equipment uses more than 300 tran- 
sistors, including several still in the 
developmental stage. The only vac- 
uum tubes in the system are the 
three small Vidicon camera tubes 
and a black-and-white viewing tube 
tor monitoring . 

[he laboratory system, like con 
ventional closed-circuit equipment, 
includes a synchronizing generator 
and a colorplexer circuit to produce 
an NTSC color signal. Use of the 
new Vidicon tube permits the use 

standard 8-mm mc tion-picture 
type lenses in the camera 

Among potential uses for the new 
system are certain types of class- 
room instruction, remote observa- 
tion of industrial and research proc- 
esses in which color is a controlling 
factor, field pickup for color tele 
casting, and military field recon- 
naissance. In each of these applica- 
tions, portability and low power con- 
sumption—from batteries or from a 
fixed power supply—may be of ma- 


jor importance 


UNDERWATER MOTOR STATOR is tested by technician at the General 
Electric Medium AC Motor and Generator Laboratory in Schenectady, N. Y. 
The motor is designed to operate underwater with circulation through its 
windings, bearings, and magnetic components. A special insulation system 
using irradiated polyethylene protects the motors components. Wet 
motors of 250 and 350 hp are currently being made for boiler circulating 
pump applications. In another application, requiring immersion of the motor 
in salt water, a 50-hp “wet” motor controls the rudder of a ship. 


WATER SCOOTER can’t be capsized even when the rider puts his entire 
weight on one side. The trim little craft, made in England and imported 
by the Nisonger Corp. of New Rochelle, N. Y., attains speeds up to 20 
mph. It is fashioned of reinforced glass fiber and is controlled by the twist- 
grip throttle on the handlebar similar to a motor scooter. 
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The surest, safest way ever developed to pin two parts together... 


THE SOLID GROOV-PIN 


Just drill the hole and drive the Groov-Pin home . . . once 
seated, it stays there, no matter what the conditions of shock 
and vibration. Yet it can be drifted out and reused with but 
little loss of its original holding power. No reaming is nec- 
essary. Available in nine different types, as well as in drive 
studs. Diameters from '32” to '2” and larger for special re- 
quirements, in a wide variety of materials. There's a Groov-Pin 
for every need, including the Type 3H for hopper feeding, and as 

Types 6 and 7 for anchoring tension springs. Standard prices 

apply to specials in lots of 5000 or more. 

Write today for free samples and the new 32-page Groov-Pin 

catalog... yours for the asking, it belongs in every designer’s | The unique GROOV-PIN locking principle 
file of fastener reference literature. Address Groov-Pin Cor- [ee eee 
poration, 1130 Hendricks Causeway, Ridgefield, N. J. 
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Outstanding Program Set for Mechanisms Conference 


CLEVELAND, Onto—Recognized au- 
thorities in mechanism design will 
present 19 papers during the Fifth 
Conference on Mechanisms at Pur- 
due University, October 13 and 14. 
The unique two-day meeting, co- 
sponsored by Macuine Desicn and 
Purdue’s School of Mechanical En- 
gineering, promises this year to 
have the most outstanding program 
in its history. 

Purpose of the Conference is to 
better understanding of 
both theoretical and practical solu- 
tions in design and application of 
mechanisms. 

This year’s program will cover 
unique design _tech- 
niques of value and interest to de- 


promote 


mechanism 


sign and development engineers. In 
addition, the program also includes 
two talks by outstanding authori- 
ties on the personal and professional 
sides of engineering. 

Registration is scheduled for 
9 am. (Central Standard time) in 
Fowler Hall, in the new Memorial 
Center, on the Purdue Campus at 
Lafayette, Ind. Conference mem- 
bers will be welcomed at 10 a.m. 
by Prof. A. S. Hall Jr. of Purdue 
and Benjamin L. Hummel, associate 
managing editor of MACHINE 
Desicn. Dr. Rudolf Beyer, eminent 
German mechanisms expert, will 
open the technical session with a 
survey of techniques, little known 
in this country, for analyzing mo- 
tion properties of all types of 3-D 
mechanisms. 

Complete program for the tech- 
nical session is: 


Monday, October 13 


Registration: 9:00 a.m. 
Fowler Hall, Memorial Center 


10:00 a.m.—SESSION | 
Fowler Hall, Memorial Center 
Chairman: Prof. R. S. Harten- 
berg, Northwestern University 
Welcome and Orientation: 
Prof. A. S. Hall Jr., Purdue Uni- 
versity 
Ben Hummel, associate manag- 
ing editor, Macuine DeEsIGN 
European Report 
. a brief rundown on Russian and 
East German Mechanism Conferences, 
the nature and significance of mech- 
anisms developments in Europe. Prof 


30 


]. Denavit, Northwestern University. 


Space Mechanisms 
. a survey of 3-D mechanisms and 
techniques for analyzing their motion 
properties. Dr. Rudolf Beyer, professor 
of kinematics and mechanism design, 
Technical University, Munich, Germany 


1:30 p.m.—SESSION 2A 
Room 206, Memorial Center 
Chairman: Prof. H. G. Laughlin, 
Purdue University 
Cycloidal Cranks 
. characteristics and 
crank mechanisms based upon cycloidal 


properties of 


curves, with examples showing their 
advantages in high-inertia applications. 
E. H. Schmidt, senior mechanical con- 
sultant, E. I. du Pont de Nemours & Co. 
Inflection Circle and Polode Curva- 
ture 
. descriptions and 
often-overlooked concepts and techniques 
for design and analysis of 
anisms. Prof. A. S. Hall Jr., 


applications of 


mech- 

Purdue 
University 

Applying the Inflection-Circle Con- 
cept 

. the design of a lathe attachment 

for turning solids of revolution with 
approximately circular profiles. Prof 
James C. Wolford and Prof. Donald C 
Haack, University of Nebraska. 


1:30 p.m.—SESSION 2B 
Fowler Hall, Memorial Center 
Chairman: Robert L. Stedfeld, as- 
sociate managing. editor, 
MACHINE DESIGN 
Dynamic Analysis of Cam Mecha- 
nisms 
...@ numerical design procedure for 
relatively flexible systems—an extension 
of the method of finite differences. 
Prof. Ray C. 
Cam Torque Curves 
. an analysis of energy stored in the 


Johnson, Yale University 


cam shaft, effect upon machine _per- 
formance, and resulting suggestions for 
design. Prof. Harold A. Rothbart, City 
College of New York. 
Pivoted-Follower Cam Systems 

. a numerical method for obtaining 
cam profiles when motion 
cannot be reduced to an analytical ex- 
pression. Robert L. Droke, associate en- 
gineer, International Business Machines 
Corp. 


follower 


1:30 p.m.—SESSION 2C 
Room 214, Memorial Center 
Chairman: Prof. A. C. Dunk, 
Purdue University 


A Mechanical Squaring Device 
... the details of a unique, new mech- 
anism for exact generation of the func- 
tion, y =  px*. Sigmund Rappaport, 
project supervisor, Ford Instrument Co. 
Mechanical Analog Computer Com- 
ponents—1 
. a comprehensive survey of com- 
puter mechanisms and their functions, 
including principles of system formula- 
tion and error analysis. George W. 
Michalec, section head, General Pre- 
cision Laboratory, Inc. 


6:30 p.m.—BANQUET 


Ballroom, Memorial 
Building 


Union 


Tuesday, October 14 


8:30 a.m.—SESSION 3A 
Room 206, Memorial Center 
Chairman: Prof. G. W. Bergren, 
Purdue University 
Four-Bar Function Generators 
. a group of linkages that generate 
common functions with minimum error. 
based on five-point approximations, and 
tables of characteristic data for them. 
Prof. Ferdinand Freudenstein, Colum. 
bia University. 
Point-Position-Reduction 
. a method for designing linkages 
to obtain desired correlation of input 
and output-crank positions at a limited 
number of positions. C. Wesley Allen, 
engineer, General Electric Co 
The Fecund Four-Bar 
. how alternate linkages can be de- 
signed to produce coupler-point curves 
identical to the one traced by a known 
linkage. Prof. R. S. Hartenberg and 
Prof. J]. Denavit, Northwestern Uni- 
versity 


8:30 a.m.—SESSION 3B 
Fowler Hall, Memorial Center 
Chairman: Prof. A. R. Holowen- 
ko, Purdue University 


Cam-Design Tables 
... procedures and tabular data for 
the simplified design of a variety of 
practical cam profiles. C. N. Neklutin, 
vice president, Universal Match Corp. 

Disc-Cam Curvature 
... graphical and analytical methods 
for finding radii of curvature from in- 
stantaneous values of follower position, 
velocity, and acceleration. ]. Hirschhorn, 
school of mechanical engineering, New 
South Wales University of Technology, 
Sydney, Australia. 

High-Speed Spring-Actuated Cams 
. . . how to obtain a prescribed output 
motion in a_ spring-driven system. 
Philip Barkan, engineering research and 
development laboratory, Switchgear and 
Control Div., General Electric Co. 


MACHINE DESIGN 





Cut Product Costs with POWERMITE 


custom engineered pump 


More and more manufacturers are learning the economy 
of incorporating Tuthill’s exclusive Powermite Pump and 
Motor Combinations in their products. These custom en- 
gineered units incorporate a specially designed electric 
motor into a rotary gear pump... to produce a combina- 
tion unit which takes up no more space and weighs no 
more, than a conventional electric motor. 

The Powermite’s compactness solves tough design 
problems. Its small size and low weight make it easier 
to install . . . boost production line productivity. The 
elimination of bases, couplings and other parts result in 
substantial economies. Its lower weight reduces shipping 
costs. And all Powermites provide the long trouble-free 
life which industry has learned to expect from Tuthill. 


Wide range of combinations 

A wide range of pump and motor combinations can be 
provided to meet individual requirements in hydraulics, 
lubrication, circulating, coolant, and other pump services. 
Three typical examples are shown above. 

The compact unit to the left, developed for use on a 
small mobile hoist, combines an internal gear pump rated 
for 30 cu. in./min. at 500 psi, with a 4 hp motor. The 
center unit, developed for a low pressure hydraulic ap- 
plication combines an internal gear pump with a capacity 
of 16 gpm at 250 psi with a 4 hp motor. The unit at 


Tuthill Manufactures a Complete 
Line of Positive Displacement 
Rotary Pumps in Capacities From 
1to 200 GMP; for Pressures to 1500 
PSI; speeds to 3600 RPM. 
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\ 


and motor combinations 


right combines a high pressure hydraulic spur gear pump, 
for rated conditions of 1 gpm at 1,000 psi with a 34 hp 
motor. 


Custom engineered for your application 
Each Powermite model is custom engineered for a specific 
OEM application and is designed to permit substantial 
economies for high volume production. A few Powermite 
models are available from stock—for example, the 350 
psi, 16 gpm model shown at center above. For small 
quantity applications Tuthill Close Coupled Pump and 
Motor Combinations can provide similar savings. 
Manufacturers interested in learning more about the 
advantages of incorporating Powermite combinations in- 
to their products are invited to forward detailed specifica- 
tions. Or, if preferred, a Tuthill Field Engineer will call. 


TUTHILL PUMP COMPANY 

953 East 95th Street 

Chicago 19, Illinois 

Gentlemen: 

[) Please have representative call to discuss Powermite 
applications in my product. 

C1) Please send catalog describing complete Tuthill line. 

NAME__ TITLE 

COMPANY____ 

i |) oe 


ciTY 
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8:30 a.m.—SESSION 3C 
Room 214, Memorial Center 
Chairman: Ben Hummel, associ- 
ate managing editor, MACHINI 
DESIGN 
Mechanical Analog Computer Com- 
ponents—2 


' 


the second part 
f 


ission Of Computer 
their potential 
George W 


General Precis 


enting 


Noncircular Gears 
how they can be designed and ap 
ed effectively function-generating 


ications. F 


12:15 p.m.—LUNCHEON 
Ballroom, Memorial Union 
Building 


1:45 p.m.—SESSION 4 
Fowler Hall, Memorial Center 
Chairman: Leo F. Spector, associ- 
ate editor, MACHINE DESIGN 
Measurement as a Design Tool 
approaches, techniques, equipment 
for analyzing dynamic behavior which 
must be eliminated or controlled in a 
F. E. Fisher, manager, 
Mechanical 


> 
Business 


successful design. 
Electrical 
Analysis 


Machines 


Analysis and 


Lab., International 
Corp 


Micromotion Analysis via High- 


Modify Fractional-Hp Motors To Simplify Application 


M a ior 
fractional 
Gen 


ll halve wiring 


SCHENECTADY, N.Y 
Form G 
made by 


changes in 
horsepower 
ral Elec tric Co., w 


time, permit quick change of ro 


motors, 


tation, and cut operating noise, a 
company officials. 
plug in 


rding to 
New 
guick-connects for all 
quick change of 
versal of the two plug-in 
leads, and brass links that simplify 


features include 
terminals, 
rotation by re- 


motor 


ge change on dual-voltage mo 
tors. An antirust treated shaft, a 
built-in lug for convenient ground- 
a composition 


itag 


ing connection, and 


Quick-connect terminals for all internal and external 
connections of Form G fractional-horsepower motors 


halve wiring time during installation. 


washer in the centrifugal switch for 
quiet operation are other signifi- 
cant changes. 

Wiring time during installation 
can be cut in half with the plug-in 
quick-connect terminals which are 
used for all internal and external 
connections, according to company 
engineers. Studs have been retained 
on the terminal board for conven- 
tional wiring if the quick-connect 
devices are not used. 

Shaft rotation can be reversed in 
a matter of seconds without 
by interchanging two plug-in mo- 
tor leads. Voltage change on dual- 


tools 


beRAAhL LITLE PEE ET 


Speed Movies 
. equipment 
studying mechanism performance quali- 
tatively and quantitatively. William G 
Hyzer, consulting engineer, 
Janesville, Wis 
General Discussion 
. an “open-forum” period headed by 


and techniques for 


research 


conference co-chairmen Hall and Hum- 


mel. 


Advance registration and 
reservations for the Conference may 
be made by using the form which 
appears on Page 205 of this issue. 
For additional information, write to 
Editor, Macuine Desicn, Penton 
Bldg., Cleveland 13, Ohio. 


room 


voltage motors is easily accom- 
plished by sliding two small brass 
links into position. The operation 
can be performed with a screw- 
driver without removing the links 
by adjusting four screws and slid- 
ing the interlocking connections 
into place. 

Ground connection can be made 
conveniently with a new lug de- 
signed into the end shield just in- 
side the terminal box opening. The 
built-in lug is easily reached for 
connecting a grounding conductor 
necessary in applications such as 
sump pumps, home workshop tools, 
power lawn mowers, and some farm 


equipment. 


Quiet click for centrifugal starting switch operation, 
achieved with a special composition washer, is particu- 


larly desirable for residential applications. 
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Model 35. Moderately priced machine for volume reproduction. 
Provides up to 30 f.p.m. speed and full 46-inch printing width. 


HY put up with upkeep, downtime, and 

aggravations of older reproduction 
equipment? You can keep up the efficiency 
of your drafting department—and be money 
ahead—by replacing older units with new, 
modern Copyflex machines. 

Take a moment to compare the performance 
of your equipment with these modern repro- 
duction advantages. Can you really afford 
not to keep up with Copyflex? 


More Operator Conveniences. Modern 
Copyflex gives printing widths up to 54” to 
simplify feeding of large tracings, facilitate 
multiple feedings. Extra-large delivery trays, 
automatic separation, automatic stacking, and 





(BRUNING ) 
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Copytlex 


front-or-rear delivery further speed operator's 
work. 

Faster Mechanical Speeds. New models 
offer sharply increased speeds—up to 30% 
faster than before. Synchronized exposure 
and development assure top quality prints, 
one knob control simplifies operation. 
Sharp, Uniform Prints. Developing solution 
is applied directly to exposed print assuring 
complete, positive development at all speeds 
and on all types of materials. 

Problem-Free Installation and Operation. 
Clean, quiet, odorless .. . Copyflex requires 
no vents or plumbing, needs only an electrical 
connection for operation 


Send for Your Free Copy! 


Charles Bruning Company, Inc., Dept. 93-K 
1800 Central Road, Mount Prospect, II! 
Offices in Principal U. S. Cities 

In Canada: 105 Church Street, Toronto | 
Please send me booklets on [] model 3 
and machines 

Name — 


Compeny—$$$$  ____. 


a Se _ 


City—___ eZ one —__ Stato _—_—_. 
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FLEXIBLE SHAFTS 


Handle wide variety of 


control applications. 


The Flexible Shaft today, al- 
though not complicated, is a spe- 
cific component designed for spe- 
cific applications. Industry in 
many fields, i.e., automotive, auto- 
mation, aircraft, electronics, radio 
and television, machinery, and ma- 
rine (to name but a few) have 
found flexible shafting to be more 
economical and yet more produc- 
tive than whatever means they 
were employing to control motion 
from one unit to another where 
obstacles in the path of installa- 
tion were impossible to do away 


with. 


There are two types of flexible 
shafts. 
flexible shaft which utilizes a cable 


One is the power drive 


wound to rotate in one direction 
only. The outer layer of wire of 
the cable determines the direction 
rotation, and is wound so that the 
slack is taken up when the shaft is 
in operation, making it practically 
impossible for the cable to spring 
from its original shape. The other 
type is the remote control flexible 
shaft in which the cable is wound 
so that the slack is taken up no 
matter which direction the shaft 
is turned. The remote control shaft 
provides for both rotation and re- 
ciprocation, such as the opening 
and closing of a valve. 


@@e@ For complete information as 
to how flexible shafting may help 
you solve your specific control 
problem, write F. W. Stewart Cor- 
poration, 4311-13 
Ave., Chicago 13, Illinois. 
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High-Temperature Uses Seen 
For Composite Laminated Plastic 


Norristown, Pa.—Preliminary tests 
indicate that a new composite lam- 
inate plastic holds distinct promise 
for very high temperature applica- 
tions. Use in missile nose cones is 
definitely conceivable, since 5-min 
tests with the new material show 
that it conducts about 25 per cent 
less heat from surface to interior 
than the most effective homoge- 
neous material tested. Surface tem- 
perature during tests was 2000 F. 

According to Taylor Fibre Co., 
Norristown, Pa., the unique thermal 
properties of the composite material 
have opened a new field of investi- 
gation which may radically change 
existing concepts about the behavior 
of laminated plastics. 

As a case in point, Taylor engi- 
neers found that the physical, me- 
chanical, and electrical properties of 
composite laminates can be sharply 
altered not only by combining dif- 


ferent base laminates, but also by 
varying the proportion of the com- 
ponents in the composite material. 
The possible combination of proper- 
ties is almost limitless. 

The high-temperature laminate 
resulting from the initial research 
is made by alternating layers of 
two materials: One is an asbestos- 
mat base impregnated with a spe- 
cial phenolic resin; the other, a 
nylon fabric impregnated with this 
same phenolic. The composite ma- 
terial is called grade HT-5000. 

Thermal insulation tests made on 
the new laminate show a definite 
improvement over  asbestos-base 
laminates and even greater improve- 
ment over glass-laminates. 

The superior thermal insulation 
is attributed to the lower density 
of the impregnated nylon layers. Ny- 
lon also carbonizes, making the ma- 
terial erosion resistant. In addition, 
the material has the ability to gen- 
erate gas on heating. All of these 
properties prevent excess heat from 
penetrating from the surface to the 
interior of the laminate, thus pre- 
serving its structural strength. 
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Comparative thermal insulating properties of composite asbestos-phenolic, 
nylon-phenolic laminated plastic (grade HT-5000); asbestos-phenolic lami- 
nate; glass-melamine laminate; and glass-phenolic laminate. Tests were con- 
ducted by embedding a thermocouple in the center of 14-in. thick sheets 
of the materials, applying heat of 2000 F to the surface of the sheets, and 
measuring the temperature in the center at half-minute intervals. 


Demand for six-cylinder cars dur- 
ing the first six months of 1958 was 
more than double that of the cor- 
responding period last year, accord- 
ing to Dodge Division, Chrysler 


Corp. From January through June, 
1957, the demand for the Dodge six 
represented 4.6 per cent of produc- 
tion compared to 9.7 per cent for 
the same period in 1958. 
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Free College Training Available 
To Gov't. Scientists, Engineers 


WasHINcton — House-Senate con- 
ferees have agreed to House re- 
vision of a federal employee train- 
ing bill previously approved by the 
Senate during the first session of 
the present Congress. The bill pro- 
vides that the Civil Service Com- 
mission will have the primary au- 
thority and responsibility over the 
training program. Under the pro- 
gram Government employees can 
receive training both within and 
outside the Government where such 
training is in the public interest. 
The Government will pay the full 
expenses including travel, tuition, 
books and supplies, and during the 
training period the employee will 
receive his regular salary. 

Each employee trained at a non- 
government facility must agree to 
serve for a period at least equal to 
three times the length of the period 
of his training. In addition, em- 
ployees are limited to one year of 
training at nongovernment facili- 
ties in each ten years of employ- 
ment. The bill specifically prohibits 
training at outside facilities for the 
sole purpose of obtaining academic 
degrees, or to obtain academic de- 
grees to qualify for appointment to 
a position. 

The authorization for advanced 
training should prove especially 
beneficial to federal engineers and 
scientists. In its report on the bill, 
the House Civil Service Committee 
stated: 

“One of the most serious problems 
caused by the lack of a sound Gov 
ernment employee training progran 
relates to the recruiting and retaining 
of scientific, engineering, professional, 
and technical skills for space research 
and development and for the national 
defense. Opportunity to continue and 
broaden knowledge and qualification, 
not only is in the public interest, 
but also constitutes one of the major 
objectives of scientific and _profes- 
sional personnel. Shortcomings in 
the Government's training policies 
have impeded progress by the Gov- 
ernment in these endeavors by de 
stroying one of the finest possible in- 
centives for outstanding scientists and 
professional people to devote their 
careers to the public service. This 
delegation will remove this impedi- 
ment, restore incentive, and bring a 
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Announcing an Important New 
Drafting Achievement... 








UNIVERSAL 


X-Y Track Drafting Machine 


... featuring exclusive new 


on BOTH X and Y Beams 


Exciting new revelation in drafting 
ease, convenience and accuracy! 
Balanced perfectly for ALL board 
angles—no adjusting, no protruding 
weights. Rugged beam rails provide 
essential rigidity for: quick mounting 
without alignment, permanent accu- 
racy without adjustment. Ideal for 
original, detail and layout drawings. 
Models for standard boards, L tables, 
special custom sizes. 


The RIGHT Drafting Machine 
for every Drafting Purpose 
UNIVERSAL TRACMASTER* 
UNIVERSAL BOARDMASTER* 
UNIVERSAL DESK-TOPPER* 

DURALINE* SCALES 


TRADEMARK 


Invaluable drawing aid. 10” grad- 
uations on both X and Y beams 
provide equivalent of printed grid. 


Write TODAY for Complete information 


UNIVERSAL DRAFTING MACHINE CORPORATION 


Dept. MD, 7960 LORAIN AVENUE, CLEVELAND 2, OHIO 
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CHATILLON 


TORSION SPRINGS 


for 


HIGHEST 


FATIGUE LIFE 


“AVAILABLE IN PRACTICALLY 
ALL SIZES AND CAPACITIES 


“Vitality’’ is an important characteristic of Chatillon Torsion Springs, 
insuring continuous, fool-proof actuation of critical instrument com- 
ponents such as shutter devices, rotors, etc. 


For this reason—and because Chatillon Torsion Springs are accurately 
calibrated to meet the strictest torque requirements—leading instru- 
ment manufacturers specify Chatillon Torsion Springs in their designs. 
Manufacturers include Fairchild Camera and Instrument Corp., Sperry 
Gyroscope Co., Bulova Research & Development Corp., and 
many others. 


Chatillon makes Torsion Springs in all the conventional alloys as well 
as in Chatillon’s unique temperature-compensated material lso-Elastic* 
(virtually unaffected by temperatures from —50°F. to +150°F.) 


Call on Chatillon’s Spring Division for their experienced assistance 
with your designs. Write for engineering bulletins. 


"U.S.A. Pat. No. 217417! 


JOHN CHATILLON & SONS 


85 CLIFF STREET, NEW YORK 38, N.Y. 
Manufacturers of Scales, Force Measuring Instruments and Precision Springs Since 1835 
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desirable measure of prestige to scien- 

tific and professional assignments un- 

der essential government __pro- 
grams. ...” 

The new legislation is expected 
to be of considerable help to the 
Government in recruiting and re- 
taining high-caliber personnel. 


HIGH POWER-SIZE RATIO is an 
outstanding feature of this light- 
weight ac motor used in missile 
applications. Developed by Hoover 
Electric Co., Columbus, Ohio, the 
motor is rated 1-hp, but will pro- 
duce a maximum 1.75 hp at 22,000 
rpm. It weighs 23/, Ib and is 4 in. 
long by 21, in. in diameter. Elec- 
trical specifications: 400 cps, 208 v, 
3 phase. Mounting flange and shaft 
configuration are optional. Shaft 
can be pinion gear, flat, splined, or 
other desired shape. 


“Package” Reactor 
Goes Critical 


Lemont, ILt.—Prototype of a nu- 
clear reactor designed to produce 
electric power and space heat at 
remote military stations, the Ar- 
gonne Low Power Reactor (ALPR), 
achieved criticality recently at the 
AEC’s National Reactor Testing 
Station in Idaho. The prototype is 
undergoing tests prior to operating 
at full power of 3000 thermal kw. 

The ALPR is a “package” plant 
designed to be erected on any type 
of terrain with a minimum of on- 
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site construction. Heat from the re- 
actor can be used to generate 260 
kw of electricity and 400 kw of 
space heat. Electrical output of 
ALPR plants at military sites would 
be used to supply power for radar 
equipment and the space heat for 
offices, barracks, and other build- 
ings. 

The reactor is designed to op 
erate for three years with each fuel 
loading. This prolonged operating 
period simplifies the task of operat- 
ing isolated plants by eliminating 
the need for delivery and storage 
of large quantities of conventional 


fuel. 


Meetings 


AND EXPOSITIONS 


Sept. 21-24— 

American Society of Mechanical 
Engineers. Petroleum Mechanical 
Engineering Conference to be held 
at the Cosmopolitan Hotel, Denver. 
Further information is available 
from ASME _ headquarters, 29 W 
39th St., New York 18, N. Y. 


Sept. 22-23— 

Steel Founders’ Society of Amer- 
ica. Fall Meeting to be held at The 
Homestead, Hot Springs, Va. Fur- 
ther information is available from 
society headquarters, 606 Terminal 
Tower, Cleveland 13, Ohio. 


Sept. 22-24— 

Institute of Radio Engineers. Na- 
tional Symposium on Telemetering 
to be held at the Americana Hotel, 
Miami Beach, Fla. Additional in- 
formation can be obtained from IRE 
headquarters, | E. 79th St., New 
York 21, N. Y. 


Sept. 22-24— 

Standards Engineers Society. Sev- 
enth Annual Meeting to be held at 
the Benjamin Franklin Hotel, Phil- 
adelphia. Further information can 
be obtained from Mr. C. W. Bowler, 
Leeds & Northrup Co., 4901 Sten- 
ton Ave., Philadelphia 44, Pa. 


Sept. 22-24— 
Material Handling Institute Inc. 
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CYLINDERS 


AIR 


OR HYDRAULIC 


Designers get 3 Important 
Benefits by Standardizing on the 
Superior CARTER Design 


THE 
CARTER 
DESIGN 


ee 
cartridge rod bear- 
ing. 

2—Key type stainless 
steel locking ring. 
Allows 360° rotation 
of ports. 


3—Leakproof “O” Ring 
seal between head 
and wall 


4—Precision honed 
heavy wall tubing— 
6 to 1 safety factor. 


5—Spring loaded “V” 
packing on rod end 
gland. 


IMMEDIATE 
DELIVERY 
FROM STOCK 


NE 


AIR CYLINDERS @ 


SAVINGS IN SPACE—40% savings 
in space. Helps build more compact, 
functional equipment. Where other 
cylinders won’t fit, Carter will! 
IMPROVES PRODUCT QUALITY 
Carter cylinders are stronger, more 
efficient. Completely leakproof! 
Better performance, longer life. The 
finest cylinder for your product. 
ENGINEERING SERVICE and sales 


in 40 locations throughout the United 
States, Canada, Mexico, and Europe. 





FREE DESIGNERS’ FILE 


Details on air, hydraulic, valves, 
built-in-valve types. All necessary 
data for designers. 


CONTROLS INCORPORATED 


29 Bernice Road ¢ Lansing, Illinois (Chicago Suburb) 
Phones: Lansing—GRanite 4-3305 * Chicago—BAyport 1-7186 


AIR VALVES @® HYDRAULIC CYLINDERS 


ROTARY ACTUATORS @ SPECIAL CONTROLS 
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Fall Meeting to be held at the 
Greenbrier, White Sulphur Springs, 
W. Va. Additional information is 
available from Hanson & Shea Inc., 
1 Gateway Center, Pittsburgh 22, 
Pa. 


Sept. 23-26— 

Association of Iron and Steel En- 
gineers. Iron and Steel Exposition 
and Convention to be held at the 
Public Auditorium, Cleveland. Fur- 
ther information can be obtained 
from association headquarters, 1010 


Empire Bldg., Pittsburgh 22, Pa. 


Sept. 24-25— 

Seventh Annual Conference on 
Industrial Electronics to be held at 
the Rackham Memorial Bldg., En- 
gineering Society of Detroit, Mich. 
Sponsors are the Institute of Radio 
Engineers and the American Insti- 
tute of Electrical Engineers. Addi- 
tional information can be obtained 
from Mr. H. W. Patton, Acromag 
Inc., 22519 Telegraph Rd., Detroit 
41, Mich. 


Sept. 25-27— 

Porcelain Enamel Institute. An- 
nual Meeting to be held at The 
Greenbrier, White Sulphur Springs, 
W. Va. Further information can 
be obtained from PEI headquarters, 
1145 19th St., N. W., Washington, 
D.C. 


Sept. 29-Oct. 1— 

National Power Conference to be 
held at the Statler-Hilton Hotel, 
Boston. Sponsors are the power di- 
visions of the American Society of 
Mechanical Engineers and_ the 
American Institute of Electrical En- 
gineers. Additional information can 
be obtained from ASME, 29 W. 
39th St., New York 18, N. Y. 


Sept. 29-Oct. 3— 

Society of Automotive Engineers. 
National Aeronautic Meeting, Aero- 
nautic Production Forum, and Air- 
craft Engineering Display to be 
held at the Ambassador Hotel, Los 
Angeles. Additional information is 
available from SAE, 485 Lexington 
Ave., New York 17, N. Y. 


Sept. 29-Oct. 3— 

American Society of Tool Engi- 
neers. Semiannual Meeting and 
Western Tool Show to be held at 
the Shrine Exposition Hall, Los 
Angeles. Further information can 
be obtained from ASTE headquar- 
ters, 10700 Puritan Ave., Detroit 
38, Mich. 


Oct. 7-8— 

Institute of the Aeronautical 
Sciences — Canadian Aeronautical 
Institute Joint Meeting to be held 
at Chateau Laurier, Ottawa, Can- 
ada. Further information can be ob- 
tained from IAS headquarters, 2 
E. 64th St., New York 21, N. Y. 


Oct. 8-10— 

Gray Iron Founders’ Society. An- 
nual Meeting to be held at the 
Sheraton Park Hotel, Washington, 
D.C. Further information is avail- 
able from society headquarters, Na- 
tional City-E. Sixth Bldg., Cleve- 
land 14, Ohio. 


Oct. 8-10— 


Industrial Designers Institute. 
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Multimet Alloy (N-155) "i 
Haynes No. 25 (L-605) 
Hastelloys B, C, F & X 
No. 20Cb Armco 15-7Mo PH 
Titanium 40, 55 and 70 Armco 17-70H 
A-286 
16-25-6 
Type 201 
Type 202 
Low Expansion 42” 


Type 302° 
Type 304 
Type 3041 
Type 3095S 
Type 309Cb 
Type 310 
Type 316 
Type 316L 
Type 316Cb 


Type 443 
Carpenter 7Mo (329) 
Carpenter Stainless 


Type 317 
Type 3171 
Type 330 
Type 321 
Type 347 
Type 348 
Type 410 
Type 430 
Type 442 


Zirconium 
Zircalloy Ut & Hl 
19-9DL & DX 
Inver 36 


*Ornamental HyMu 80 


available through representatives and distributors in over 
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Design Materials Show to be held 
concurrently with the annual Na- 
tional Conference of IDI at the 
Sheraton-East Hotel, New York. Ad- 
ditional information can be ob- 
tained from Mr. Leonard Rogers, 
Orkin Expositions Management, 19 


W. 44th St., New York, N. Y. 


Oct. 13-14— 

Fifth Conference on Mechanisms 
to be held at Purdue University, 
West Lafayette, Ind. Sponsors are 
the Purdue School of Mechanical 
Engineering and Macuine Desicn. 
Further information can be ob- 
tained from the Editor, MacHINE 
Desicn, Penton Bldg., Cleveland 
13, Ohio. 


Oct. 13-15— 

American Institute of Electrical 
Engineers Tenth Annual Machine 
Tool Conference to be held at the 
Statler-Hilton Hotel, Hartford, 
Conn. Additional information can 
be obtained from Mr. William P. 
Carpenter, Superior Electric Co., 83 
Laurel St., Bristol, Conn. 


Oct. 13-15— 

National Electronics Conference 
to be held at the Hotel Sherman, 
Chicago. Sponsors are American 
Institute of Electrical Engineers, In 
stitute of Radio Engineers, and Illi- 
nois and Northwestern Universities. 
Additional information can be ob 
tained from Rudolph E. Hornacek, 
Illnois Bell Telephone Co., 208 W. 
Washington St., Chicago 6, IIl 


” Get me the engineering department. 


ENGINEERING NEWS 


Oct. 16-17— 

National Conference on Indus- 
trial Hydraulics to be held at the 
Hotel Sherman, Chicago. Further 
information can be obtained from 
Raymond D. Meade, Director of Ex- 
tension and Co-operative Education, 
Illinois Institute of Technology, 3300 
S. Federal St.. Chicago 16, IIl. 


Oct. 16-18— 

Foundry Equipment Manufactur- 
ers Association. Annual Meeting to 
be held at The Greenbrier, White 
Sulphur Springs, W. Va. Addition- 
al information is available from as- 
sociation headquarters, | Thomas 


Circle, Washington 5, D. C. 


Oct. 27-31— 

American Society for Metals. Na- 
tional Metal Exposition and Con- 
gress to be held at the Public Audi- 
torium, Cleveland. Additional in- 
formation can be obtained from 
ASM headquarters, 7301 Euclid 
Ave., Cleveland 3, Ohio. 


cost-saving corrosion control 


@ Whatever it takes, Carpenter makes in stainless 


“The House of Corrosion Control’. You'll benefit 


and high alloy tubing and pipe to most effectively 
and economically combat most corrosive agents. On 
the opposite page is a wide variety of standard and 
special-purpose analyses that can be supplied. 


What’s more, you get predictable performance in all 
full finished Carpenter corrosion-resistant tubing and 
pipe...it fully meets the high quality requirements 
for heat exchanger service. No short-cuts .. . no false 
. just the kind of on-the-job service that 


saves you operating dollars. 


economy .. 


You can save up to 40% in first-cost dollars by using 
Carpenter stainless and high alloy tubing and pipe. 
Their overall consistent uniformity of O.D., 1I.D., 
gauges and physical properties assures you trouble- 
free, time-saving fabrication and installation. 


Whatever your corrosion problem... ordinary or 
unusual... you'll get the right answer at Carpenter— 


40 cities... coast to coast 
September 4, 1958 
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from over 30 years’ experience in helping industries 
and equipment builders to solve a vast assortment 
of problems. 


Readily available to you are data on any specific alloy 
you're interested in, or our Selecting and Buying 
Guide to your 45 master keys to cost-saving corrosion 
control. Contact our nearest office or authorized dis- 
tributor, or write direct to The Carpenter Steel 


Company, Alloy Tube Division, Union, N. J. 


stainless tubing & pipe 





Another new fastener idea by Parker-Kalon 


Screws on the floor mean trouble at your door! 
Ordinary fasteners when used in the assembly of 
thin gage metal sheets, often spin or slip—result in 
work stoppages, salvaging operations, higher pro- 
duction costs. 

Now you can substantially reduce waste motion, 
rejects and lost time, with Parker-Kalon’s new 
“Hi-thred”’ Self-tapping Screw . . . the new fastener 
that grips securely without spinning or slipping .. . 


PARKER-KALON “Hi-thred” 


Self-tapping Screws 


even in very thin gage metal sheets. 

Developed by P-K’s research team, the revolu- 
tionary ‘‘Hi-thred” is THREADED FULL TO THE HEAD 
—WITH THE LAST THREAD ACTUALLY TERMINATING IN 
AN ANNULAR ORIFICE IN THE HEAD ITSELF! 

For samples, see your nearby Industrial Distrib- 
utor or write P-K direct. ““Hi-thred” fasteners are 
available in production quantities in Types “‘A”’ and 
“Z’’ in non-countersunk head styles. 


E 


Pat. Pending 


pate te 


Sold everywhere through leading Industrial Supply Distributors 


PARKER-KALON DIVISION, Genera/ American Transportation Corporation, Clifton, New Jersey 
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THE CASE OF THE PUZZLED ENGINEER 
(A Cold Bonderite* Story) 


The plant heating engineer, wondering at the diminished demand on his heating 
plant, set out through the plant to find the cause. All was normal until he met the 
finishing superintendent. “Haven’t you heard?” asked that happy gentleman. 
“We've installed Cold Bonderite* in our finishing line. Steam use is down 90% 


and water use is down 50%!” 


*“Cold Bonderite” is the commonly used term for a phosphate 
coating system developed by and exclusive with Parker Rust 
Proof Company. Its use is saving many manufacturers thou- 
sands of dollars a month. 


PARKE; RUST PROOF COMPANY 
aoe 2193 £, MILWAUKEE, DETROIT 11, MICHIGAN 
leader in BONDERITE BONDERITE and BONDERLUBE PARCO COMPOUND PARCO LUBRITE TROPICAL 


the field Corrosion resistant aids in cold forming rust resistant wear resistant for friction heavy duty maintenance 
paint base of metals surfaces paints since 1883 


*Bonderite, Bonderlube, Parco, Parco Lubrite, —Reg. U.S. Pat. Of. 
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CUT COSTS, IMPROVE DESIGN AND 
PERFORMANCE WITH R/M PRODUCTS 


Write for booklet, which provides valuable information 


on a variety of R/M “Teflon” products. 


Plastic Products Division, Raybestos-Manhattan, Inc. 


Manheim, Pa. 


Steam lines to hydraulic press. (A) Wire-braided R/M “Tefion” hose—no failure due to corrosion or normal wear since in- 
stallation in 1955. (B) Old-type wire-braid reinforced corrugated metal hose—has had to be replaced every 4 months. 


R/M will do 

a better job in 
tailoring Teflon* 
to your needs 


Brake Blocks, Linings | Mechanical Packings 
and Clutch Facings 


Here’s a graphic illustration of the supe- 
riority of R/M “Teflon” over ordinary ma- 
terials. The darger diameter of the clumsy 
metal hose is to compensate for the space 
needed for the corrugated hose wall and its 
relatively rough inside surface. Consider the 
big savings in labor and materials costs re- 
sulting from the use of R/M “Tefion’’ hose! 

Raybestos-Manhattan has had years of 
experience in working with ‘‘Tefion”’... in 
making the most of its unique characteristics. 
Our technicians and the laboratories they 
work in have an outstanding record of 
achievement in the development and testing 
of products made from this versatile material. 
R/M’s production facilities are unsurpassed. 
Together, they tackle the “‘it-can’t-be-done” 


eee 


Abrasive and 
Diamond Wheels 


and Gaskets 


Circle 425 on Page 19 A 


assignments in stride. 

R/M’s reputation for leadership in ‘“*Tef- 
lon” rests soundiy on the products and proc- 
esses it has developed, the problems it has 
solved. Our comprehensive know-how and 
complete facilities qualify us to supply all 
your “Teflon” needs, no matter how exacting. 
Make us your headquarters for every 
**Teflon” product, from sheets, rods, tubes, 
tape and hose to complex molded and ma- 
chined parts painstakingly fabricated from 
your specifications. (We supply wire-braided 
R/M “Teflon” hose in uncoupled lengths 
only—get coupled lengths you need from 
leading hose assemblers.) For further infor- 
mation, call or write Plastic Products Div., 
Raybestos-Manhattan, Inc., Manheim, Pa. 


*A Du Pont trademark 
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Industrial and 
Automotive Hose 


Industrial 
Drive Belts 


Conveyor 
Belts 
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SPECIALISTS IN ASBESTOS, RUBBER, 
ENGINEERED PLASTICS 


SINTERED METAL, 


Write today for free booklet 
shown: full details on a wide 
variety of industrial rubber 
products. 

Manhattan Rubber Division, 
Raybestos-Manhattan, Inc. 
Passaic, N.J. 


RUBBER 
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"OLD WAY . ._._NEW CONDOR WAY 


Condor Rubber Pipe— 
tough, light, flexible 


Where corrosion, abrasion, vibration or contamination means 
trouble with iron or steel pipe, versatile Condor Flexible Rubber 
Pipe is your solution. It actually outlasts other conventional piping 
in handling coal or coke breeze, ashes, finely broken up materials 
and many slurries, corrosive liquids and caustic solutions. Whatever 
the application, Condor Flexible Rubber Pipe goes where you want 
it to go... eliminating fabricated, leaky joints and cumbersome 
supports. Raybestos-Manhattan also makes to your special order 
rubber expansion joints, rubber-lined pipe, fittings and process 
equipment, acid hose, rubber covered rolls. You can depend on 
R/M also for rubber hose, transmission belt and V-belts, Poly-V 
drives, conveyor belt, molded and extruded rubber products. Rubber 
specialists since 1893. 


— 
me Write for free 
PACKINGS / .s : 7 9mplete information on 
oe? Plastic Packines 
Packing Division, 
Manhattan, Inc. 
Passaic, N.J. 


booklet giving 
R/M 


Raybestos- 


STEAM 
CHEMICALS 
FOODS 
BEVERAGES 
OlL 
| SOLVENTS 


| 











Two R/M Plastic Packings—R/M Universal 
and R/M “versi-pak’’ *—answer the designer’s 
problem of lower friction and longer wear 


These superlative R/M packings have features that will pay off in 
every pump and valve you design. Both are custom made for low 
friction and for maximum resistance to heat, materials handled, 
and pressure. Locked-in lubrication and soft, open-fiber asbestos 
combine to reduce wear on rods and valve stems, even after long 
service. 

In Universal Plastic Packing, R/M has combined asbestos fiber 
and graphite with lubricant and binder. Designed for all types of 
circulating, reciprocating and centrifugal pumps. Types are also 
available for oil and for food processing equipment. R/M “‘versi- 
pak” is similar in composition, but has a special solvent-proof 
binder that makes it ideal for solvent installations up to 350 F and 
600 psi. Send for complete data for specific recommendations 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. ¢ Bridgeport, Conn. «e Manheim, Pa. « Paramount, Calif. e No. Charleston, S.C. 
Crawfordsville, Ind. « Neenah, Wis. e Peterborough, Ontario, Canada 
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Industrial 
Adhesives 


Asbestos 
Textiles 


Sintered Metal 
Friction Elements 
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Teflon Tape, Packings 
Sheets, Rods, Tubes 
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Engineered Molded 
Rubber and Plastics 
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CUT COSTS WITH 


Crucible fatigue- 


“MADE STRONGER 
TO LAST LONGER” 


resistant springs— 


These Crucible coil springs offer 
far greater fatigue resistance than 
ordinary springs. They therefore 
cut replacement costs substantially. 











3ecause the springs are stronger, 

they can carry greater loads, too. 
The reason why these springs 

have higher strength and last longer 





CRUCIBLE 











is due to the fact that they’re shot 
peened — 

Shot peening imposes a compres- 
sive stress on the surface that off- 
sets stresses set up in service. It also 
conditions the surface. And it elimi- 
nates minute stress goncentration 
points which could lead to prema- 
ture failure in a conventional spring. 

Shot peening, together with 
Crucible metallurgical skill (from 
ore to finished spring), ensures 
springs that withstand high stresses 
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longer. Hot-wound, fatigue-resistant 
springs are available in a wide vari- 
ety of sizes, analyses and treatments 
to meet your compression, tension, 
and torsion spring requirements. 
For more information on cutting 
costs with springs, send for a free 
copy of Crucible’s ‘‘Coil Spring 
Design’’ handbook. Or have a 
Crucible spring specialist call on you. 
Write: Spring Division, Crucible 
Steel Company of America, McCand- 
less Avenue, Pittsburgh 1, Pa. 


HEAVY-DUTY COIL SPRINGS 


MACHINE DESIGN 





and “‘universal’’ contact blocks . . . 


GENERAL ELECTRIC ANNOUNCES 


NEW “building-block” d-c contactors and relays 


complete line of stock d-c contactors 


General Electric’s new line of d-c con- 
tactors and relays features a new con- 
cept in component design—building- 
block construction. Using front-con- 
nected frame and coil parts, standard 
assembly kits, and “universal” contact 
blocks, more than 100 different control 
devices can be assembled. This new 
design concept makes possible these 
important cost-saving advantages: 

Reduced inventory—with building-block 
design, you need to stock only a mini- 


GENERAL @@ ELECTRIC 


Vitreous-enameled resistors—1070 ohmic val- 
ues from stock, fixed or slide-wire, 5 to 


200 watts. Call your G-E representative. 


ef. 
> 


mum number of standard parts. Not 
only does this mean less costly inven- 
tory, but valuable storage space can be 
released! 
Immediate availibility—with General 
Electric devices, the contactor or relay 
you want can be assembled on the spot! 
No need to order a specific device and 
await delivery, or stock a large num- 
ber of special ratings. Assemble what 
you want—when you want it! 

Order today from General Electric’s 


Plate-type rheostats— windings are 
pletely encased in metal to give longer 
more reliable service for any application. 


com- 


and 


permits assembly of more than 100 devices 


and relays featuring the new building- 
block construction. 


NEED OTHER COMPONENTS? 


General Electric also has complete 
lines of plate rheostats and vitreous- 
enameled resistors for all your control 
For more information, contact 
General Electric Sales Repre 
sentative or mail this coupon today 
Industry Control Dept., Roanoke, Va 


needs. 
your 


rcle 429 


To: Section B784-10 
General Electric Co 
Schenectady 5, N. Y. 


Please send the following bulletins 


GEA-6621—D-c contactors and relays 
GEA-6592—Vitreous-enameled 
GEA-6474—Plate-type field rheostats 


resistors 


Name 
Company 
Address 


City 





av® 


Sfaiionatre 


offers all the better features 
of air clutches PLUS these 
exclusive Conway features: 


Stationary air housing . . . no rotating union needed . . . no shaft drilling... 
mount anywhere along shaft .. . just slide on . . . can be used as double clutch 
. .. complete interchangeability . . . one-piece construction . . . available as coup- 
lings and many others. 

@ WRITE FOR BULLETIN 858 


the CONWAY CLUTCH COMPANY 


2750 COLERAIN AVE. CINCINNATI 25, OHIO 


Pat. Applied-for U.S.A. ond Canada 
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Now you can... with Microline® Service 


New nationwide microfilm centers 
eliminate bulky print files for you! 


When record filing and finding get out of hand— get in touch 
with MICROLINE. Microline has established Service Centers 
throughout the country, manned by experts in the microfilm 
field . .. men who are trained to help you set up the Microline 
unitized card file system best suited for your operation. 

New Microline Service streamlines engineering drawing files 
by a quick, simple, inexpensive conversion to a Filmsort 
microfilm card file system. No more double filing . . . now, 
each card is both index and record. You get prints quickly and 
inexpensively, any size you want, and save up to 95% in space 


e ae 
—snicroline 


Microline Products Group, Ozalid Division of General Aniline & Film Corp. 
Microline in Canada, The Hughes-Owens Company, Limited, Montreal. 


September 4, 1958 


requirements . . . free valuable filing space for more productive 
uses. With microfilm copies in your active file, you can store 
your valuable originals away, safe from the wear and tear from 
constant usage. What’s more, your drawings are immediately 
available for use by any department in your organization. 

Simply mail the coupon below for the name and location of 
your local Service Center. You will also receive, without obli- 
gation, the Microline booklet giving you the complete story, 
and containing a special free offer which will dramatically 
demonstrate what this advanced new system can do for you 


MICROLINE DIVISION OF OZALID 

DEPT. S-9-4, JOHNSON CITY, N.Y 

Please send me the name and location of my local Micro 
Service Center. Also, the booklet giving the complete Mix 
story and containing a free demonstration offer 
le 

a 

Position___ 


Address ———— 


a Pcncienscienisiainininainiteianninnininiant 
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1 Precise high-frequency drives for 
generators or converters ets 
A elles 





Because of its exact speed character- 
istic, the Syncro-Spede is an ideal driver 
for high-frequency generator sets. where 
precise frequency is a necessity. The 
elimination of slip provides exact fre- 
quency throughout the entire load range 
of the motor. 


P* Precise timing, metering, and recording devices 


Syncro-Spede delivers and main- 
tains exact synchronous speed 
within rated capacity regardless 
of load or line voltage dips. Its 
design permits mechanical modi- 
fications to meet special needs. 
Since it eliminates error caused 
by speed fluctuations, this new 
Louis Allis motor is also: ideal 
for memory drums and precision 
timing devices. 





iS} Constant single- or multi- 
speed conveyor drives 


Syncro-Spede gearmotors can 
provide exact constant con- 
veyor speed —or maintain 
correct relation of several 
conveyors operating at differ- 
ent speeds. Used with Louis 
Allis gear drives, the Syncro- 
Spede offers a practical, low- 
cost solution to low-speed 
conveyor drive requirements 
—down to 7.5 rpm 


jue with the external inertia equal 
ked amps f ther standard 
toges. For applica- 


% | | Full | Ful | 
Locked Load | Load 
Rotor | Power | Effi- 
Torque | Factor 


4: Adjustable frequency 
multi-motor systems 





AJUSTO-SPEDE GENERATOR 





“SYNCRO-SPEDE”" MOTORS 


5 Any constant speed requirement 








OVER-VOLTAGE 
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6 High speed — high 
frequency operation 


HIGH 
FREQUENCY 
RANGE 








STANDARD 60 CYCLE 4 POLES 





STANDARD 60 CYCLE 6 POLES 








INTEGRAL GEARMOTOR 
OR 


Uv 
LINE-A-SPEDE RANGE * 





=—_ 
on 
— 
[= STANDARD 60 CYCLE 8 POLES 
—— 
> 








Syncro-Spede motors of differ- 
ent ratings and output speeds 
can be synchronized from a 
single adjustable frequency 
source — motors of various 
speeds will hold their exact 
relationship within an oper- 
ating frequency range of 5 
to 1,000 cycles. This com- 
bination provides precise ad- 
justable frequency power for 
many applications in the print- 
ing, paper, plastic, and tex- 
tile industries. 


The Syncro-Spede offers vir- 
tually unlimited usage. It is 
much smaller than equivalent 
reluctance and DC excited 
synchronous motors—outper- 
forms both and costs less. 
Under full load conditions, a 
standard squirrel cage induc- 
tion motor may vary between 
1740 and 1760 rpm with a 
10% voltage variation — the 
Syncro-Spede maintains exact 
synchronous speed. 


Syncro-Spede’s indestructible 
cast aluminum rotor is de- 
signed for high-speed — high 
frequency operation. The 
small diameter rotor enables 
the motor to attain speeds 
previously impossible with 
other types of synchronous 
motors. With special rotor 
designs, the Syncro-Spede 
can reach speeds of 10,000 
rpm and higher. 
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New-product news from Louis Allis 
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The Louis Allis Syncro-Spede 


...a synchronous motor built in the same NEMA frames 
as standard motors of equal horsepower! 


it’s compact, simple, versatile...and trouble-free! 


The remarkable Louis Allis Syncro-Spede® Motor enables you to provide 
exact synchronous speed for any application for less cost — with fewer 
controls — and in less space than previously possible. 


If your equipment or operation calls for precise constant speed, check the 
advantages this new motor offers you: 


Space-saving design — The revolutionary Syncro-Spede needs no external 
excitation, wound rotating fields, collector rings or brushes. It’s built in the 
same standard NEMA frames as ordinary induction motors of equal horse- 
power. It requires less space — is virtually maintenance-free. 


Wide range of enclosures — The Syncro-Spede can be provided in a wide 
variety of enclosures to meet special operating requirements. For example, 
Syncro-Spede is readily available in totally-enclosed fan-cooled and explosion 
proof enclosures — thus permitting installations which were difficult to make 
with D.C. excited synchronous motors. 


Unmatched versatility — Syncro-Spede is available in standard sizes up to 
100 hp, and even larger ratings for special applications. It can also be furnished 
in a wide range of mechanical modifications . . . base- or flange-mounted —as a 
gearmotor or brakemotor — even as a rolled-shell shaftless motor for “built-in” 
applications. 

For full particulars and expert application engineering help, contact your local 
Louis Allis District Office. Or write for Bulletin No. 1900 to The Louis Allis 


Co., 459 East Stewart Street, Milwaukee 1, Wisconsin. 


Syncro-Spede is a Trademark of The Louis Allis Company 
MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 
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Mh. TFPOL/TE 


Product Bulletin No 
PB7-24 describes its 
astonishing resist 
ance to ultra-high 
temperatures rite 
for it today 





ASTROLITE resists up to 15,000°F for short duration uses! 





Vas 
The reinforcing fibers of ASTROLITE are Refrasil —con- 
‘sisting of continuous filaments of virtually pure silica. 


if you are a Missile or Spacecraft Designer or Manufacturer — 
with a need for ultra-high-temperature materials, you know 
the vital importance of low ABLATION rate. 


ASTROLITE is a remarkable Refrasil-reinforced plastic with impressive resistance 
to Ablation and extremely high temperatures—up to 15,000°F. for 
short-duration applications! 

Fabrication techniques for ASTROLITE have been perfected to give optimum fiber 
orientation to resist Ablation—while retaining maximum insulation properties. 
Many major airframe and missile manufacturers are using ASTROLITE today 

in their Space Technology programs. 

Perhaps you can use ASTROLITE for insulation of Rocket Nozzles, Nose Cones, 
Deflector Vanes, Blast Tubes or Combustion Chamber Liners. Engineering counsel 
is yours for the asking. Please write to Director of Research. 
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Telephone: TAylor 2-6630 








‘ie H. 1. THOMPSON FIBER GLASS CO. 


1733 Cordova Street, Los Angeles 7, Calif. + REpublic 3-91617 






WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE: EASTERN: Tom Kimberly, 38 Crescent Circie, Cheshire, Con 
necticut, BRowning 2-6544; Fred W. Muhlenfeld, 6659 Loch Hill Rd., Baltimore 12, Md., VAlley 5-3135 - 
Burnie L. Weddle, 1347 Pennsylvania St., Indianapolis 2, Ind., ME 5-5607 - SOUTHWEST: Marshall Morris, 2850A W 
Berry, Rm. 14, Fort Worth, Texas, WAinut 4-8679 - NORTHWEST: J. L. Larsen, 5757 Oaklawn Place, Seattle 
PArkway 5-9311 - CANADIAN PLANT: THE H. 1. THOMPSON CO. OF CANADA LTD., 60 Johnston St 


new! “projection welded conveyor chain 
stays cleaner, runs better, 

reduces conveying 

costs! 


Top Plate Conveyor Chain 


... Streamlined to turn out more work with less worry— 


in food, beverage, automation, packaging and other small product 
handling operations. 


DIAMOND Dura-Weld is a greatly improved top 
plate conveyor chain designed for modern high- 
load, high-speed conveying requirements. 


Dura-Weld top plates are “projection welded’”’ 
to the roller chain linkplates, creating a permanent 
metal fusion. This technique requires no attach 
ments, rivets or extra fittings which add to the 
weight and cost of other chains. You get a lighter 
weight, smoother running chain, that costs less to 
buy and less to maintain—yet is designed to operate 


continuously at maximum loads and speeds. 





DIAMOND “projection welds” Dura-Weld gives you up to 35% more rail load- 
produce a permanent metal fusion hearing are , itting e of wide ' no ils. Because 
as strong as the metal itself. Per- bearing area, permitting use of wider supporting rails. Because 
mits cleaner streamlined design. . it has fewer parts to collect dirt it is easier to keep clean .. . and 


is less susceptible to shutdowns for repairs or maintenance. 


eee 

















Wherever flat top conveyors are used for intra-machine proc- 
essing, bottling, capping, labeling, etc., you can cut costs and 
speed up production with new, streamlined, DIAMOND Dura-Weld 
Conveyor Chain. Write for full details, today! 


Dura-Weld’s case hard- Dura-Weld is easily de 
ened bushed joints and tachable at any joint 
deep sprocket engagement Dura-Weld links may be 
assure smooth chain op- attached to existing roller 
eration under maximum chain of the same general 
power, load and speed type and may be used on 
conditions. the same rails. 


oeoeeeeeeereeeeee 


Diamond Dura-Weld Conveyor Chain is nou 
available from your Diamond Distributor’s 
stock! 




















Write for FREE Folder! 

Gives complete listing of DIAMOND Distribu- 
tors and full description, specifications and 
prices of DriAMOND Dura-Weld Top Plate 
Conveyor Chain. 











DIAMOND Dura-Weld requires none of the attachments 
or rivets shown in Figure A. This permits a simplified de- 
sign that is easier to keep clean, and gives up to 35 
more rail load-bearing area. Permits use of wider support- 
ing rails for greater distribution of load, Figure B. 


DIAMOND CHAIN COMPANY, INC. 
A Subsidiary of American Steel Foundries 

402 KENTUCKY AVENUE, INDIANAPOLIS 7, INDIANA 

Offices and Distributors in All Principal Cities Circle 434 on Page 19 














Another new product from 
Rockwell-Standard: 


HYDRA-DRIVES 
POWER SHIFT TRANSMISSIONS 


A torque converter...and 4 speed transmission in one compact package! 


Hydra-Drives Power Shift Transmissions put more The Transmission and Axle Division of Rockwell- 
power to work...smoothly... efficiently. ..econom- Standard specializes in drive components only, and 
ically. Proved in hundreds of vehicles for three years, does not compete with manufacturers of end prod- 
these units assure top work output of heavy-duty ucts. Take advantage of 50 years’ experience in the 
equipment. Engine lugging and heavy shock loads are manufacturing of power transmission components, 
eliminated. A 3 to 1 torque multiplication makes start- specify Rockwell-Standard. 

ing fast and effortless—even with heaviest loads. 

Simple to operate, too, a flip of the operator’s lever 
accomplishes power shifts within each range and 
without any interruption of the power flow. Auto- 
matic features of the converter and ease of power 
shifting simplifies operator training and lengthens 
vehicle life. 

With four speeds forward and reverse, the Hydra- 
Drives Power Shift Transmission is ideally suited for 
vehicles which must travel in both directions during 
anormal work cycle. Rated at 550 ft. lbs. input torque, 
they can be used with a wide range of internal com- 
bustion engines up to 250 H. P. — ©1958, R-S Corp. 


ROCKWELL-STANDARD CORPORATION 
TRANSMISSION AND AXLE DIVISION 


DETROIT 32, MICHIGAN 


Products of ROCKWELL-STANDARD Corporation 
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Alcoa puts the 


This shell for a Dyna-Empire, Inc. hearing 
aid button speaks loud and clear to everybody 
concerned with precision in screw machine 
parts. No larger than a penny, with walls 
only .006” thick, machined to within .001” 
tolerances, it proves just how precisely we 
put the metal where you want it. 

Others tried to machine this “impossible”’ 
part. The scrap generation of 87 per cent 
and blistering heat in the thin sections licked 
them. Our solution: a special set of tools; a 
whopping knowledge of machining alumi- 
num. And now these parts come shucking out 
at a tidy 300 per hour. The delicate pink 


metal where you want it 


anodized color and bright buffed finish on 
the outside show our skill in secondary oper- 
ations at Lancaster, Pennsylvania. 

In screw machine parts as well as forgings, 
castings, extrusions and impacts . . . Alcoa 
puts the metal where you want it. To you 
this may mean fewer rejects or ingenious 
design solutions . . . less waste in production 
or a product that sells faster. Start now; 
write for Alcoa’s Up-to-Dater, a starter 
file of ideas and design tips on Alcoa En- 


gineered Products. Aluminum Company of 


America, 951 Alcoa Building, Pittsburgh 19, 
Pennsylvania. 


“ALCOA THEATRE’ 
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FAMOUS JEFFREY COLMOL®. .. continuous mining machine made by The Jeffrey 
Manufacturing Co., Columbus, Ohio— shown operating in 42” coal. Production: over 
800 tons per shift. Denison hydraulic equipment assures instant, dependable hydraulic 
power to belp the Colmol mine faster, at less cost. mkenyy 


oy Eaves. 
HYDRAULICS 
rol Uh a elol—s aed i 


MINING 


Instant-acting DENISON hydraulic power 
helps JEFFREY Colmol’ devour over 800 tons per shift 


OUGH MINING doesn’t stop Jeffrey’s famous Colmol®. which drive the Colmol’s two crawler treads, two discharge 
This powerful, compact continuous coal-mining conveyor chains, and a swinging discharge conveyor chain. 
machine work iciently under the most severe operating The other Vane Pump operates 8 hydraulic cylinders 
condaitions— prod 3 Over OUU tons per shilt. And the which separate the Colmol’s top and bottom head sections 
ne / Denison hydraulic power for to adjust the breaker arms for working various coal 
Sin Ja t f mining seam heights... raise, lower and tilt the entire Colmol 
accessible hydraul mining head. 

Denison hydraulic Added advantages—Denison hydraulic power provides 
) nfinite speed adjustment for the Colmol. Simple hydraulic 
controls allow one operator to vary the machine's feed speed 
from zero to 46 inches per minute for mining...and from 
zero to 23 feet per minute for high or low-s| eed ramming 

in forward or reverse. This is hydraulic flexib 

pays off in today’s modern mining operations. 


, 
j 





It's another example of hardworking Denison hydraulic 
power doing jobs better... faster throughout industry. 
Your Denison Hyéreatic 8 Sp ecialist can help with your 
next design problem. Write us for details. 


DENISON ENGINEERING DIVISION 


American Brake Shoe Co. 
1240 Dublin Road * Columbus 16, Ohio 


Sa Denison and Denison HydrOILics are registered 
HYDRAULIC DRIVE for the Colmol . . . begins with 4 Denison 2000 Setemnas ft Sensis Bae. TEX-. BReoe 
I TMC Vane Pumps—shown assembled on gear case with electric 


motor attached. T hree Vane Pumps power four Fluid Motors which 

drive crawler treads and conveyors. Remaining Vane Pump operates Db) s N | 
eight multi-purpose hy ydraulic cylinders 

Denison Stocking Branch Offices: LOS ANGELES «+ CHICAGO 


DETROIT *« ATLANTA « HOUSTON « NEWARK « CLEVELAND HYDRAULIC PRESSES « PUMPS « MOTORS « CONTROLS 
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NEW TYPE 8~ 


Heavy Duty 


For 2- to 1-in. shaft diameter 
For deep-well, shallow-well and do- 
mestic water pumps . . . centrifugal 
pumps... household appliances, etc. 


Type 2—Standard design for ma- 
jority of applications where space is 
not restricted. Used on deep and 


Type 2-S—Modified short-length ver- 
sion of Type 2 for restricted-area seal- 
ing such as on hydraulic pumps, re- 
frigeration compressors, etc. 


Type 6—Axial face 
seal with Victoprene 
O.D. Metal parts en- 
cased in Victoprene 
diaphragm to which 
seal ring is bonded. Ap- 
plication approved for 
household appliances. 


Type 7—End face seal with metal O.D. 
and fully protected, rubber-enclosed 
spring. For automotive water pumps, etc. 


Compect, integrated unit—easy 
to install in factory or field. 


Precision-lapped seal ring— 
available in carbon-graphite or 
any required material. 


Positive, long-sleeve torque lock 
with mold bonded internal drive 
insures full-time rotating seal, 


Fully enclosed, protected spring 
for long life and uniform pres- 
sure on seal ring. 


Self-aligning seal ring 
—compensates for 
wear, shaft movement. 
Absorbs vibration. 


5 


6 Victoprene elastomer 
diaphragm highly dur- 
. able under flexing. 


/ 


© hi Heavy-duty metal fer- 


7 rule on back of seal. 


Full-time sealing assured with positive torque 
lock .. . no diaphragm fatigue 

Type 8 is a highly developed, heavy-duty 
rotating shaft seal. Its patented torque lock 
with extended shaft contact mounting insures 
constant unitary function. It eliminates dia- 
phragm fatigue and, together with high- 
quality compression spring, maintains effec- 
tive sealing action. at all times. 

Note how the spring in Type 8 is fully en- 
closed—free from exposure to effects of fluid 
handled. This means added spring life and 


uniform pressure on the seal ring. 


The diaphragm is a Victoprene elastomer, 
especially compounded to meet rigid oper- 
ating specifications. 

Seal ring mounting permits square self- 
alignment of face with mating surface. It 
automatically compensates for wear and shaft 
movement, absorbs vibration. 


Write for Victo-Seal Literature 


Moderately priced, the compact Type 8 Victo- 
Seal is readily adapted to your pump and 
appliance designs, and industrial equipment. 
Complete data on Type 8 and other types 
available through your Victor Field Engineer 
or from the factory. 


Victor Mfg. & Gasket Co., P.O. Box 1333, Chicago 90, Ill. Canadian Plant: St. Thomas, Ont. 


yy VESC 


TOR 


Sealing Products Exclusively 


GASKETS *« PACKINGS « OIL SEALS + MECHANICAL SEALS 
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High Torque UNBRAKO socket set screws 


Up to 40% higher tightening torques keep them 
tight whether installed by hand or power tools 


The High Torque UNBRAKO is made to with- 
stand the highest tightening torques ever used 
to seat a set screw—up to 40% higher than 
that of an ordinary socket set screw. And 
whether you drive them by hand or with 
automatic power tools, you can apply the 
force required to seat them without damaging 
the screw and be assured of full high-torque 
performance in every case. 

Here’s why a High Torque UNBRAKO 
can be seated tighter—and stay put 


It has fully formed threads to make the whole 
screw stronger; a radius in the socket corners 
to prevent cracks from starting and to dis- 
tribute the stresses developed in tightening; 
a deeper socket to give you more purchase 
with the wrench. It is properly heat treated, 
has uniform grain structure, is free of 
decarburization. 

NEW SPS SETOMATIC® automates socket set screw driving, will install set screws 

with any type point to full recommended tightening torque at rates as high as High Torque UNBRAKO socket set screws are 


2500 an hour. It can be set up for fully automatic operation, semiautomatic é tape 
operation or manual operation. One manufacturer realized a 50% drop in stocked by authorized SPS distributors. Ask 


installation costs, a 100°% increase in production of finished assemblies. the one nearest you for complete details. 
Or write Unbrako Socket Screw Division, 
RECOMMENDED SOCKET SET SCREW TIGHTENING TORQUES STANDARD PRESSED STEEL Co., Jenkintown 
(in.-Ib.) as an 18, Pa. 
Set Screw Set Screw Differential 
Screw Size Unbrako B Cc % 











5 3.9 | 3.5 28 
9 7.8 | 7.4 15 hi 
9 7.8 | 7.4 15 High Reliability t, 
20 14.7 14.5 36 


33 26.5 | 25 25 . ; 
a? 62 60 40 the fact that industry is always seeking 
122 32 structural and mechanical components 
with ever increasing standards of pre- 
198 29 dictable performance. By installing SPS 
309 23 high reliability fasteners in your assem- 
460 24 blies, you increase overall product 

1106 | 11 reliability. 

1540 18 “High Reliability” is a booklet just pub- 
3660 9 lished by SPS. Write for your copy today. 
5025 8 


Research at SPS is realistic, for it faces 




















We also manufacture precision titanium fasteners /_ . 
/write for free booklet 





Standard Pressed Steel Co. e The Cleveland Cap Screw Co. e 

Columbia Steel Equipment Co. @ National Machine Products Co. 

e Nutt-Shel Co. e@ SPS Western e@ Standco Canada ltd. e 
Unbrako Socket Screw Co., ltd. 


3 Jenkintown - Pennsylvania 


Circle 439 on Page 19 MACHINE DESIGN 











1) PISTON 2) V-PACKINGS 3) AIR. CHAMBER 


q) NYLON 


5 TO EXHAUST 6) CYLINDER 
SLIDE RTS P 


PO ORTS 


Diagram shows air flowing to one side of a double acting cylinder 
from outlet 6 while being exhausted through hole 5 on other side 
of cylinder. When the right poppet is touched, air is bled from 
chamber 3 and piston(1) is shifted to right. At this point, air is 
exhausted through port 6 as air enters opposite side of cylinder. 


Let us help with your problem. If you have 
a possible application for MEADMATIC 
valves, timers or cylinders, tell us (con- 
fidentially) and we’ll try to come up with 
the answer. Write for Air Power Catalog! 


Write today for Air Catalog! 


Here at last is the air valve which makes “automation with 
air power” absurdly simple. No expensive, delicate electri- 
cal circuits are needed! It’s air pressure alone—distributed 
through slender, flexible hose—that does the work with 
the same instantaneous response of electricity 

A light momentary touch on the miniature limit switch 
actuates the main valve piston, which moves from side to 
side like a shuttle, clearing first one air passage and then 
the other. The piston is moved by releasing the air on one 
side through the limit switch. Regardless of amount of air 
pressure, a featherweight touch releases air, shifts piston. 


The limit valves can be mounted at points where they 
will be tripped by the moving parts of a working machine, 
such as the ram of an air cylinder, the moving table of a 
milling machine, the depth stop rod of a drill press, or a 
revolving cam on a shaft. 

Cost-saving possibilities are almost unlimited! Now clean, 
quick, dexterous air power can be directly integrated with 
mechanical functions of many production machines. New 
worlds open to original equipment manufacturers! 


PATHFINDER IN AIR POWER AUTOMATION 
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CLAYMONT Fabricated 


complete assemblies or simple 
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- Steel Plate Products... 


parts— made to your specifications 





Our modern, production-line Fabrication Shop is fully 
equipped and prepared to serve you by converting the steel 


plate of your choice into the parts or components you need. 


Getting exactly the right steel is no problem . . . Claymont 
makes its own. Every steel-production step is controlled 
within the company—from open hearth to finished fabri- 
cation. Top quality is assured. Your most exacting spec- 


ifications are met or exceeded. 


ocak Small or large-quantity orders are handled with equal 
weldments like eae facility, and Claymont can offer quick-delivery service by 
(aor ascot oe water, rail or highway. 
Use Claymont’s complete facilities as a supplement or ex- 
tension of your own. Contact our office nearest you for 
prompt, dependable assistance in solving your parts 


problems. 


OTHER CLAYMONT PRODUCTS 
a + 
= ¢& 


Steel Plates = <=> 


Carbon ¢ Alloy 
Stainless-Clad * Nickel Plated Spun and Manhole Fittings Large Diameter 
High Strength Low Alloy Pressed Heads and Covers Welded Steel Pipe 





—— 





( aymont Steel Products 


Products of Wickwire Spencer Steel Division + The Colorado Fuel and Iron Corporation 
P.O. Box 1951 « Wilmington, Delaware 


Albuquerque - Amarillo - Atlanta - Billings - Boise - Boston - Buffalo - Butte - Chicago - Denver - Detroit - £1 Paso 
Ft. Worth + Houston - Kansas City - Lincoln - Los Angeles - New Orleans - New York - Oakland - Odessa - Oklahoma City 
Philadelphia - Phoenix - Portland (Ore.) - Pueblo - Salt Lake City - San Francisco - San Leandro - Seattle - Spokane - Tulsa + Wichita 
CF&l OFFICES IN CANADA: Montreal - Toronto CANADIAN REPRESENTATIVES AT: Calgary - Edmonton - Vancouver + Winnipeg 
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When your product must respond 
to temperature or pressure changes... 


Specify Flexon Bellows 


Cost-Engineered for Your Application 











PRESSURE MOTOR 

















PRESSURE COMPENSATING 
DEVICES 





VAPOR AND TEMPERATURE SENSITIVE PRESSURE 
STEAM TRAPS DEVICES SENSITIVE DEVICES 


While the importance of performance-engineering in bellows cannot 
be over emphasized, it is essential that cost-engineering be con- 
sidered equally if your product is to compete in today’s market. 
Bellows with specifications exceeding those required by your product 
may simply increase the cost. Specifying a special bellows where a 
standard can be used is another way in which costs may be increased 
unnecessarily. Flexonics Bellows Application Engineers are trained 
to evaluate your requirements with cost factors in mind. Go over 

your needs with them. For specific recommendations, 


EyeRON BELLOMS 


Ask for the 

Flexon Bellows 

Design Guide— 
20 pages of help- 
ful application in- 
formation. 


- 


| 


x= send an outline of your requirements. 
c ® e BELLOWS 
DIVISION 
_FLEXON Flexonics 
THE FIRST NAME IN “in the United states. 


| moron CONTROL and Canada 1339 §. THIRD AVENUE * MAYWOOD, ILLINOIS 





In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 


Te tn RN O | ——_ 
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Only B.F. Goodrich Rivnuts°” 
solve all these fastening problems so well 


TUBULAR 
LEG 


CASING 


One man installs Rivnuts from one side 
in seconds—speeds assembly of barbecues. 
Permanent nutplates in legs save time in 
faster knockdown, too. 


ARM 
BRACKET 


POLE 


One man does the work of two, assem- 
bling arm brackets on /ight poles. Tests 
show pole or arm will fail before Rivnuts 


SSSSSs 


~ 


TUBULAR 
LEG 


oi.» 


OO EEE 


< 


Clean, functional lines of modern furni- 
ture are preserved by Rivnuts. Upset 
inside tubular legs, they replace unsightly 
nuts, bolts and screws. 





Rivnuts enable repair men to remove top 
of automatic washer and replace it easily. 
And Rivnuts can be installed after 
enamelling. 


CLAMP STRIP 


Upset Rivnuts secure asrplane window 
plate to center post. Bulges in shanks seal 
out weather. Heads of Rivnuts serve as 
spacers for plastic window. 


See ace) 


\ ee ee eee a 


| 


RETAINING 
CLIP 


Rivnuts replace self-tapping screws used 
to hold retaining clips on aluminum 
storm doors, provide firm nutplates that 
won't loosen with shock or vibration. 





CASING 


FLANGE 


LOWER 
FLANGE 





Rivnuts eliminate need for reinforcing 
plates in vaporizers. In addition, Rivnuts 
space bottom flange automatically, pre- 
vent bending. 





COVER PLATE 





GASKET 





on 
RESERVOIR 
HOUSING 


Assembly time for oil reservoirs is cut in 
half. Rivnuts eliminate welding, tapping 
and cleaning previously required to 
attach coverplate. 








Li Ls 


TUBULAR 
HAND RAIL 


“— , oe ad aie te 
Wheel chair designers needed a blind nut- 
place with at least 6 clean threads, 
Rivnuts, only one-piece blind rivets with 


threads, were the answer. 


Special fastening problems? B.F.Goodrich Rivnuts solve them. Send for free demonstrator. Dept. MD-98. 
B.F.Goodrich Aviation Products, a division of The B. F.Goodrich Company, Akron, Ohio. 


B.EGoodrich aviation products 
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“NO ROOM 
FOR ERROR” 


in design of desk-size 
LGP- 30 digital computer! 


Precise performance assured in 
Librascope’s Fafnir-equipped LGP-30 


The new Royal Precision LGP-30 is a serial, 
single address, fixed point binary, stored pro- 
gram digital computer featuring simplified 
design and ease of operation. The unit is 
designed to make computer use economical 


Small as a desk, but it “thinks big”! No less than 
4096 words can be recorded on the magnetic 
memory drum of the new Royal Precision Elec- 


and simple enough for more widespread 
application. 


Fafnir Super-Precision Type Ball Bear- 
ings are used in duplex pairs, mounted back- 
to-back, at the pulley end of the LGP-30 
memory drum, and singly at the opposite end. 
These preloaded, angular-contact bearings, 
equipped with composition or bronze re- 
tainers, are widely used in precision-built 
mechanisms. 


FAFNIR 


BALL BEARINGS 


LINE IN AMERICA 


MOST COMPLETE 


tronic Computer LGP-30. Moreover, this compact 
unit, made by Librascope, Inc., a subsidiary of 
General Precision Equipment Corporation, can be 
rolled where it’s needed and plugged into any 
conventional wall outlet. 

At the heart of this versatile computer, Fafnir 
super-precision type ball bearings maintain the 
precise alignment and high sensitivity required of 
the drum component. Counterbored to take a wide 
range of thrust, and radial loadings, these bearings 
provide the rigidity, extremely close-running ac- 
curacy, and low torque essential in this exacting 
application. 

Fafnir’s contribution to the development of the 
LGP-30 is another case history example of the high 
caliber and comprehensive scope of Fafnir design 
engineering services available to you. Take advan- 
tage of it when you have a bearing problem. The 
Fafnir Bearing Company, New Britain, Conn. 
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STEEL SHAPED TO CUT COSTS AND IMPROVE PRODUCTS 


Caterpillar track shoe made from 
USS Special Section Rolled Stee! 
Bars—a fast, low-cost method for 
making irregular parts. 





Caterpillar makes this 
complex track shoe 
from steel 


already rolled to shape! 


The famous Caterpillar Crawler Tractors need a lot of 
shoes to make up their track—so the cost had to be 
kept low. To produce the highly irregular track shoe 
sections by machining, forging, casting or welding was 
either unsatisfactory, too costly or too slow. 

They took the problem to U. S. Steel and a special 
section hot-rolled steel bar was suggested for the desired 
shape. The track shoes could then be sheared to the 
desired length. Three simple punching, shearing and 
drilling operations completed the job . .. and the 
shoes were ready for heat-treating and painting. 

This method permitted more efficient production of 
track shoes, reduced the amount of steel needed, elimi- 
nated slow, costly machining, and cut scrap losses to 
rock bottom. The final shoe is strong, tough and 
long lasting. 


Please direct inquiries to advertiser, 


eS 


“ ~ 
parame: Shs ten 
be th Fae Oe ve Pate ta 


Long life in rugged service has proved the quality of these shoes 
used in the endless track of Caterpillar Crawler Tractors. 


Since 1928, Caterpillar track shoes have been pro- 
duced by the thousands from USS Special Sections. 
No other production method has been devised that can 
compare with this for quality parts and low costs. 

Why not get the facts on USS Special Sections? This 
is one way you can make substantial cost reductions 
and gain increased efficiency, too! United States Steel, 
525 William Penn Place, Pittsburgh 30, Pennsylvania. 

USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & Iron — Fairfield, Alabama 
United States Steel Export Company 


United States Steel 
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ellulubes are 
against fire 


SAYS RICHARD A. PARKER, CHIEF ENGINEER 
PARKER WHITE METAL COMPANY, ERIE, PENNA. 


“They also curtail corrosion... provide 
longer pump life and valve wear.” 


“In our hydraulic die-casting operation—involving open flame, tem- 
peratures to 1,400 degrees F, and molten metals—we consider it abso- 
lutely essential to use flame-resistant Cellulube for power transfer,” 
continues Mr. Parker. “And with Cellulube we have no gummy valves, 
clogged strainers, or corroded reservoirs that characterized some of 
the fluids we formerly used.” 


This performance is typical of what you can expect from Celanese 
Cellulubes, which were developed to assure the safety of fire-resistance, 
with excellent lubricity and the dependability of unchanging opera- 
tional viscosity. They are available in six controlled viscosities: 90, 
150, 220, 300, 550, and 1,000 S.U.S. at 100°F. 

Why not evaluate Cellulubes for your own operations? Just use the 
coupon to describe the application you have in mind and request tech- 
nical data and samples. Celanese® Cellulube® 


CELANESE CORPORATION OF AMERICA, CHEMICAL DIVISION 
DEPT. 545-S, 180 MADISON AVENUE, NEW YORK 16, N.Y. 


Please send me: 
[_] New Technical Bulletin “Celanese Safety Series” [ | Sample, of_____viscosity. 


Name & Title 





Company 





Address___ 





City 





Application in mind 








Our insurance 
» disaster 


BETWEEN THIS... 


Operator ladling molten metal into the shock cham- 
ber of 400-ton die casting machine. “Given the tre- 
mendous pressures under which the hydraulic fluid 
forces the ram home . . . we must prepare against 
a possible line rupture. It is vitally important that 
we use fire-resistant Cellulube in this operation.” 


AND THIS... 


Operator removing a casting from opened die. When 
the ramming operation is completed, the Cellulube 
is by-passed to the reservoir, ready for the next one. 
“Open flame coupled with leakage sometimes result- 
ing from the tremendous pressures creates a serious 
hazard. Cellulube is our insurance against this 
hazard...” 


... THIS! 


Cellulube 150 is used in the Parker White Metal 
Company’s 400- and 500-ton die-casting machines. 
Each machine uses 100 gallons of Cellulube. “Its 
performance has been completely satisfactory .. .” 


says Richard A. Parker, Chief Engineer. 


Factory Mutual-Approved 
(Cellulubes 150 and 220) 


Celanese Corporation of America, Chemical Division, 180 Madison Avenue, New York 16, N.Y. 


In Canada: Canadian Chemical Co., Limited, 2035 Guy Street, Montreal, P. Q., Canada 
CHEMICALS Y , 
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, New York 16, N.Y 
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MB develops largest 


vibration system! 


HIS NEW, complete MB vibration test system is the 

largest in existence. It represents the most ad- 
vanced equipment for high force, high frequency, high 
performance shake testing. 


CONTINUOUS DUTY SHAKER: Featuring unique mag- 
netic design, the MB C200 electrodynamic exciter 
delivers almost twice the force of its predecessor with 
but little increase in size. So efficient is this design, it 
reduces stray magnetic field at the table to under 20 
gauss without degaussing coil! Unimode suspension 
(pat. pend.) of moving element permits full 1-inch 
linear table travel. 


HIGH POWER AMPLIFIER: Rated at 100 kva contin- 
uous output, the MB-built T999 amplifier drives the 
shaker over its entire range under the most adverse 
reactive load conditions which are characteristic of 
electrodynamic exciters. It is designed by MB for opti- 
mum performance in both sine wave and complex 





largest producer of complete systems for vibration testing 





MB manufacturing company 0%" se, 
A Division of Textron Inc. 
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motion testing, abounds with design advances and 
operating conveniences. 


MATCHED CONTROLS: As part of the matched inte- 
grated MB system, the T68MC sine wave automatic 
cycling unit provides for remote control of amplifier, 
and contains all controls for running the shaker. The 
T88 complex motion console rounds out the system for 
the most exacting and advanced random motion testing. 


UNDIVIDED RELIABILITY: Working with MB, you avail 
yourself of the longest experience in the field . . . the 
widest scope of test systems... the operational benefits 
of matched elements . . . the undivided responsibility 
for performance and service of the complete system... 
and the largest field service organization. 

Send for Bulletin 470 which gives data on MB sys- 
tems from 7000 to 25,000 pounds force. If you need less 
capacity, ask for Bulletin 435 (1750 to 5000 pounds 
force) or Bulletin 425 (1000 to 2500 pounds force). 
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ul designed! 


To save you and hundreds of other busy engineers time at the draw- 
ing board, Hanna representatives asked what you desired in hydraulic 
cylinder design. 





You wanted a stronger cylinder, preferably all steel with welded 
mountings. You also wanted tight sealing at all pressures. These 
features were included in the Hanna Powrdraulic design. Some 
wanted automotive piston rings; others wanted synthetic piston 
packings, so the new flexible Powrdraulic design gives you a choice. 
You can also choose the fast change cartridge gland or the con- 
ventional multiple lip packing and you have a choice of packing 
material including Teflon* and silicone rubber. 


Hydraulic cylinders should incorporate industry standard mount- 
ing dimensions and conform to Joint Industry Conference recom- 
mendations. These are included in the Powrdraulic design. 


In addition, you want a cylinder that is priced right, with prompt 
delivery and service available in all parts of the country. You can 
have all this plus the assurance of quality when you specify Hanna 
Powrdraulic cylinders. 


We will be happy to send you a catalog, and give you the name of 
your nearest Hanna Representative. You'll also find him listed in the 
yellow pages under “Cylinders” and in the alphabetical section of 
Thomas’ Register. 








Hanna Powrdraulic Hydraulic Cvlinder 
2000 psi and 3000 psi non shock — with generous ractor of sarety 
Featuring — Pressure tightening tube seals 
@ One piece steel heads with welded mountings 4 : 
° * . Teflon is DuPont's 
@ Double seal piston rings @ Fast change cartridge gland registered 


trademark for its 


e Lubricated rod bearing Giscncrseldes Gaakia: 


For full details write 
for Catalog 900 


Hanna Engineering Works 


HYDRAULIC & PNEUMATIC EQUIPMENT * CYLINDERS - VALVES, 


1765 ELSTON AVENUE 7 CHICAGO 22, ILLINOIS 
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New low-cost, high-flow, 
2-way valves with... 


DEPENDABLE 
SKINNER QUALITY 


ADDITIONAL FEATURES 


LONG LIFE—unique diaphragm 
design, a laminate of nylon fabric 
coated with Buna N 
rubber, completely 
supported in open 
and closed positions. 
NO RUSTING— 
stainless steel internal 
parts. 
RUGGED DESIGN 
—forged naval brass 
body. 
EASY TO MOUNT— 
direct to line in any 
position. 
WILL NOT LEAK— 
soft, synthetic inserts. 


L SERIES 


hese L Series valves with %4” and 1” di- 

ameter orifices complete an all new line of 
2-way valves previously introduced in January 
in the ¥%” and 142” sizes. 
Manufactured to the highest engineering stand- 
ards, these pilot-operated, high-flow industrial 
valves are a welcome addition to the famous 
Skinner solenoid valve line. They are smaller 
and more compact than the M2 Series they re- 


place and feature a unique diaphragm design. 
They are also considerably lower in cost. The 
344” size, for example, will cost you 51% less. 
These larger L Series models — 34” and 1” — 
will be available in standard and Explosion- 
proof construction, normally open or normally 
closed. They operate on a pressure differential 
of 5 to 150 psi and will control such common 
media as air, oil and water. 


For complete information, please contact our Repre- 
sentative or Distributor near you... you'll find him 
listed in the yellow pages or write us at the address 


below, Department 429. 
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Vicre ef On Fuge iF 
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Leonardo da Vinci's design for a self-driven car 


EVEN DA VINCI’S SELF-DRIVEN CAR COULD HAV 
BEEN BETTER WITH HELP FROM AN SSF ENGINEER. 


When you receive the recommendations of an S88 engineer, you know the 


€ 
UIC 


no way determined by possible restrictions in his product line. That's because t 


line includes all four types of ball and roller bearings, in many thousands 


gives every SSF engineer the kind of flexibility he needs to keep an entire 
on any bearing problem. Give us your problem and see. 


ha ' EVERY TYPE EVERY USE 


INDUSTRIES. INC... PHILADELPHIA 32. PA 
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Problem-Solving Products from Republic 


MEET REQUIREMENTS FOR DEPENDABILITY, 
STRENGTH, ECONOMY, CLOSE TOLERANCE 


ee 


U.S. Axle shafts and connecting 
links made from Republic Alloy 
Steel assure dependability in 
operation of Euclid TS-24 twin- 
Ay, power scrapers. 
Atta \ CT “sw 3 
Wiss x 
ae une 
a 
ie ae 


REPUBLIC ALLOY STEELS ADD DEPENDABILITY, 
TOUGHNESS, STRENGTH, QUALITY TO A PRES- 
TIGE PRODUCT. Axle shafts and connecting links 
produced by The U.S. Axle Company, Inc., Pottstown, 
Pennsylvania, are known throughout the world for 
their extra stamina to withstand emergencies as well 
as everyday use. 

To maintain their reputation for quality and depend- 
ability, U.S. Axle specifies only the finest materials, 
including Republic 4300 series hot rolled Alloy Steels. 

These finest of steels provide the high strength, 
toughness, shock-resistance, and abrasion-resistance 
values needed to withstand the severe service to which 
the shafts and links are subjected. Alloy Steel’s uniform 
response to heat treatment gives these parts hard sur- 
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faces around tough cores, providing maximum resist- 
ance to abrasion, friction, and wear. 

In Republic Alloy Steels you will find the highest 
strength values—plus an exceptionally high strength- 
to-weight ratio that permits the design of thinner sec- 
tions to save weight and hold down size without any 
sacrifice of needed strength. 

Specify Republic Alloy Steels to insure safety, to 
extend equipment life, to cut maintenance and replace- 
ment costs. Specify Republic Alloy Steels where strength 
and toughness must resist heavy-duty roughness. We 
offer you the services of our experienced field metal- 
lurgists to help you get the most from these versatile 
steels at the lowest possible cost. The coupon is your 
invitation to their services. 
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REPUBLIC ENDURO® STAINLESS STEEL BARS provide a machine finish that 
looks as good as a ground finish. That's the performance report from 
machine operators at Sealol Corporation, Providence, Rhode Island. The 
company uses Free-Machining ENDURO bars in manufacturing mechanical 
shaft seals for application on fuel tankers, and in the aircraft, petroleum, 
food and chemical industries. The Sealol machine operators also report that 
they like the machinability of ENDURO bars—the fine surface finish, the 
accuracy of section, the uniform soundness, the ability of ENDURO to hold 
close tolerances. Send coupon for complete facts on Free-Machining ENDURO 
Stainless Steel Bars. - 


REPUBLIC DIE-FORM MEANS ECONOMY. This new 
fabricating process can save you | out of 3 tons 
of steel. The automotive transmission shaft, 
shown at left, proves the point. Using Die-Form, 
200 tons of cold finished blanks produced parts 
formerly requiring 300 tons. Die-Form is a new 
method of cold forming hot rolled carbon, alloy, 
or stainless steel bars into multi-diameter blanks 
ready for final machining. It permits major sav- 
ings in time, material, and money in mass pro- 
duced, multi-diameter machine shafts. Since Die- 
Form closely approximates the final part, only 
finishing cuts and/or grinding are required for 
completion. Scrap loss is minimized— production 
rate increased. Send coupon for booklet 
describing the advantages of this new process 
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REPUBLIC ELECTRUNITE MECHANICAL TUBING meets al! close tolerance 
requirements for new automotive pump (above). The unusual ductility, uni- 
formity, and workability of ELECTRUNITE Mechanical Tubing also meets the 
performance requirements of this hydraulic power pump designed and 
assembled by Thompson Products, Inc., Cleveland, Ohio. Will-O-Hill Indus- 
tries, Inc., Willoughby, Ohio, subcontractor and specialist in close tolerance 
tubular stampings, cut %-inch diameter ELECTRUNITE into units 2° 

inches long. Each unit is rolled to form a siight groove in the center, and 
bent to an angle of exactly 150°. Both ends are subsequently bent ina die 
held to a tolerance of + .0005 inches and finished to an O.D. to + .0003 
inches. Republic Engineers will work with you in solving precision problems 
and reducing costs with ELECTRUNITE Mechanical Tubing. Send coupon today 


REPUBLIC: 


STEEL 


Wolds Wideal Range 
of, Standard Steels and 
Stack Producdd 
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REPUBLIC STEEL CORPORATION 
DEPT. MD -5292 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Send more information on: 

0 Die-Form © ENDURO Srainless Steel Bars 
O ELECTRUNITE Mechanical Tubing 

0 Have an Alloy Metallurgist call 

Name — _ Title 


Company 


Address______ a - = - 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Above: Harrison Storms, right, chief engineer at North American Aviation’s Los Angeles 
division, examines 11” wide engineering-drawing reduction of the company’s rocket- 
powered X-15 made xerographically on XeroX Copyfio 11 continuous printer. Buzz 
Holland, center, manager of photographic and reproduction services, explains process 
to Storms while Mark Keith, reproduction supervisor, holds 24” x 36” original drawing. 
Inset: Ron Crawford inserts a 24” wide original drawing into Copyflo printer, which 
within seconds will deliver a dry, positive print into tray below. 


North American Aviation SA VES *100,000 Yearly 


North American Aviation, Inc., has 
figuratively gone supersonic in the rap- 
id reproduction of engineering prints 
for high-speed aircraft. 

This widely known aviation firm is 
one of the first in its field to install a 
XeroX® Copyflo® continuous printer, 
an ingenious machine that copies thou- 
sands of different drawings in a normal 
working day. Positive prints up to 11” 
wide emerge dry, ready for immediate 
use, at the rate of 20 linear feet a min- 
ute—a print in less than three seconds! 

North American Aviation, Inc., is 
saving more than $100,000 annually 


through automatic xerographic copy- 
ing, easily paying for the equipment 
the first year. 

The Copyflo continuous printer ac- 


cepts original documents or drawings 
up to 24 inches wide and of any length, 
and reduces or enlarges them to a max- 


imum width of 11 inches. Copies are 
on plain unsensitized paper, offset pa- 
per masters, or translucent vellum. 
Originals may be in type, pencil, col- 
ored ink, or on tinted paper, yet copies 
will be precisely like the originals. 
Simply push a button—and copies 
flow. Through versatile xerography— 
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clean, fast, dry, electrostatic—Copyflo 
printers offer the speediest, most flexi- 
ble, most economical way to get sharp, 
clear copies from all types of original 
documents or from microfilm. 

For complete information write 
Hato Xerox Inc., 58-188X Haloid 
St., Rochester 3, N. Y. Branch offices 
in principal U. S. and Canadian cities. 


HALOID 
XEROX 





TJ spacemaker cylinder 


Quality Engineered 


to give quality results 


You get more—much more—when you specify 
and use any of T-]’s complete line of 
Spacemaker cylinders. The Spacemaker is 
engineered to give you better, more accurate, 
and longer service—offers, exclusively, many 
extras ... that are STANDARD, 

AT NO EXTRA COST! 


Designed to eliminate tie-rods, providing 
greater strength . . . saves space . . . reduces 
manhours and costs in all push-pull-lift 
operations. IMMEDIATE SHIPMENT in a 
wide range of styles and capacities, with 
64,000 combinations. Write for Bulletin 

SM 155-3 with complete engineering details. 
The Tomkins-Johnson Co., Jackson, Mich. 


Crs) TOMKINS-JOHNSON 


RIVITORS AIR AND HYDRAULIC CYLINDERS CUTTERS. CLINCHORS 
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with Extras... 
at No Extra Cost! 


METAL PISTON ROD SCRAPER 
..- Standard at No Extra 
Cost! 


NEW “SUPER” CUSHION FOR 
AIR . . . Standard at No Extra 
Cost! 


CHROME PLATED CYLINDER 
BORES AND PISTON RODS... 
Standard at No Extra Cost! 


ONE PIECE PISTON . . . Stand- 
ard at No Extra Cost! 
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NEW “SELF-ALIGNING" MAS- 
TER CUSHION FOR HYDRAULIC 
USE . . . Standard at No Extra 
Cost! 


NO TIE-RODS TO STRETCH ... 
Standard at No Extra Cost! 


STREAMLINED DESIGN .. . Oil 
Pressure to 750 P.S.l.—air to 200 
P.S.1. Standard at No Extra Cost! 


FORGED SOLID STEEL HEADS 
. « » Standard at No Extra Cost! 





BLOOD BROTHERS works with you 


to HELP CUT COSTS (\\\ye, 
ra 2 








. when your project 
requires a simple 


universal joint like this ... 


- a complete 
agricultural type 


assembly ... 


. or automotive 
and industrial units 


like these: 





YOU CAN SAVE MONEY TWO WAYS: 


ONE—Have Blood Brothers review a// joint and drive line specifications 
and costs for your current models. You'll help insure the lowest-cost pur- 
chasing of components that fulfill specifications. It’s easy to submit data 
on ‘Spec Sheets’’ like that above—or if you wish, send us your engi- 
neering drawings. 

For example, one maker of eight types of machines cuts costs 

by using only three sizes of joints. This means smaller inven- 

tories, fewer parts to catalog and stock, and volume prices. 
TW0O—Save time at the start of new projects by sending us a ‘Spec Sheet’”’ 
with your data. Our engineers will submit drawings and recommendations 
that may forestall problems later. 
Blood Brothers builds more standard types and sizes of universal joints than 
any other manufacturer—and will gladly work with you to help cut costs. 


Just write or call—and request your supply of handy 
blank ‘“‘Spec Sheets’’ for use now or later. 


ROCKWELL-STANDARD CORPORATION | UNIVERSAL JOINTS 
(Formerly Rockwell Spring and Axie Company) 


ROCKWELL AND DRIVE LINE 
Biood Brothers Universal Joints ASSEMBLIES 


ELELEER ALLEGAN, MICHIGAN 
A © 1958, Rockwell-Standard Corp. 
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its Job is to Help Produce Power 


As the public utilities race to keep up with demands 
for more and more power, forgings like this become 
increasingly important. The one you see here is a 
steam-turbine spindle, and it will soon be doing its 
part in the large-scale production of kilowatts. 

Bethlehem press-forged the spindle from an alloy- 
steel ingot containing molybdenum, chromium, 
nickel, and vanadium. Then the Bethlehem machine 
shops took over and worked carefully to exacting 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


specifications. When ready for shipment, the spindle 
weighed 28 tons; was 18 ft 6 in. long. 

This is just one of the many types of forgings that 
Bethlehem makes each year. Our shops are equipped 
to produce the largest, the smallest, and everything 
in between. Whether you need tiny drop forgings or 
huge shafts weighing a hundred tons, we can make 
and machine them for you. Call us and draw upon 
our half-century of experience. 


srideviey 


BETHLEHEM STEEL ia 
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Robbins & M 


Highly efficient 
dual-sweep ventilation 
Tandem fans, one pushing and one 
pulling, cool motor from end to end 
. . Gir-wash field coil ends... elim- 
inate ‘hot spots”... greatly prolong 
motor life! 


Fully sealed 

prelubricated bearings 
Run in double-width races... have 
extra-large lubricant reservoirs... 
seldom need re-lubrication...are 
quickly, easily inspected by remov- 
ing cover plates! 


Life-prolonging 

*Mylar insulation 
Has excellent dielectric qualities . . . 
resists tearing and aging... assures 
virtually permanent protection. Rag 
paper backing cushions against 
abrasions and punctures! 


% DuPont registered trademark 
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MOTOR STAMINA 


machines 


saw their way to success! 


The DoALL Company equips its versatile Power 
Saws and Contour-matic Band Machines with 
sturdy, dependable R&M motors. These motors are 
precision-built, with ample reserve power that 
helps DoALL achieve record-breaking cutting rates 
while working at greater feed and speed pressures. 

In thousands of DoALL-equipped plants, R&M 
motor stamina has proven itself. R&M motors take 
toughest DoALL jobs in stride—powering their 
new Demon high-speed steel cutting tool in the 
machining of harder-to-cut tough new alloys. Do- 
ALL versatility depends on reliable power to saw, 
file, grind or polish all materials. The same strong 
R&M motor also drives the machine’s hydraulic 
and air pumps, providing smooth power for auto- 
matic stock feeding, work table positioning, etc. 

If your product requires heavy duty motors de- 
signe .d for faster, more versatile production, plus 


: top dependability, Robbins & Myers can help you. 
DoALL Contour-matic Band Machine 


Contact your R&M representative or 
write today for Bulletin 520-MD 


ae MYERS, ne. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


» & P Sey ® 


> @ 
a HOISTS MOVIN PUMPS PROPELLAIR FANS 


R&M builds motors from 1/200 to 200 horsepower 


September 4, 1958 Circle 455 on Page 19 





LiIRDIMIT Bn reanrtmant 






For better products 


LEAKPROOF...CUSHIONED 
TUFF-TITE FASTENERS 
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NEOPRENE 
WASHER CUSHION 
Undercut of Tuff-Tite +». confines and controls flow ...s0 washer seals the hole and 
fastener head... of conical neoprene washer cushions the fastener head! 








ep 
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Now you can e prevent leaks at fastener holes 


e protect fine finishes from fastener damage 


estop vibration noises and squeaks 
It’s the combination of undercut head design and tough, conically 





shaped neoprene washer that makes Tuff-Tite fasteners work. Tuff-Tite fastener facts 
The undercut helps confine and control spread of the neoprene 
washer as it is compressed. The washer’s conical shape causes it Standard National Tuff-Tite fasteners : 


are available in hexagonal, pan, round 
and truss head styles for screw diam- 
eters No. 6 to 3%” inclusive ... maxi- 


to flow into top threads and seal the fastener hole. 
Tuff-Tite fasteners won’t mar fine finishes and they stop vibra- 


tion noises and squeaks because the neoprene washer spreads mum over-all length 114”. Standard 
itself completely between fastener head and surface. The washer fastener types are wood screws, self- y 
actually cushions the fastener and prevents metal- —— tapping screws, thread cutting screws, 
| Prose ova saatonene machine screws and stove bolts. 
to-metal contact. ci — : 
Tuff-Tite fasteners are pre-assembled 


Leakproof, non-marring, shock and squeak absorbing! with anogeene washers 


If you need these fastening advantages, you need 


oe i a ie ‘ : Washers are molded of ene 
National Tuff-Tite fasteners. Write for the Tuff-Tite >. igganesdae-ctees 


which has a durometer hardness of 








fastener folder describing this line in detail. le 85 to 95. 
THE NATIONAL SCREW & MFG. COMPANY Write for information on special 
CLEVELAND 4, OHIO Tuff-Tite fasteners. 


Pacific Coast: National Screw & Mfg. Co. of Cal. 
3423 South Garfield Ave., Los Angeles 22, Cal. 
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Wolds 
Largest Selution of 
LUBRICATING DEVICES 


OIL HOLE 
COVERS 


Style R— Nc. 304 
Shoulder Drive 





Style G—No. 505 
Beaded Drive 


Style GB — No. 527 
Bali Valve 


Style L— No. 1204 
Brass Elbow (Threaded) 


GEAR CASE GAUGES 


Screw mounted, to set flush. 
Glass port is backed with white 
enameled reflector, to make oil 
level (in gear case or transmis- 
sion) readily visible, even in 
dim light. Style CW — No. 4032. 


SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 

through sight 

glass in stem. 

Shut-off knob does not affect 

needle valve adjustment. Visi- 

ble oil supply. Non-breakable. 

Tops in convenience and de- 

pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 

eats For use where rate of 
oil flow must be reg- 
} ulated to suit changing 
# operating conditions. 
a Needle 
=m valve 
+i permits 
=v extremely 
accurate 
adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 

Style PF—No. 4290. 


LUBRIKIT... An assortment 
of 95 oil cups of 29 different 
types. Gits sales records 
show these oilers are most 
used for replacement and 
maintenance. Contents of 
each separate bin are 
clearly described on Inside ™ 
Cover. 
Special Introductory Price 
Just $1495 F.0.8. Factory 

Satisfaction or your money back 


CASE 
GAUGES 


This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


G1ITs BROS. MFsc. Co. 


The Standard For Industry For Almost Half A Century 








1868-C South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference” 
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Stopped ... because automatic control circuits and operating 
elements were not designed on the modular basis, with Cannon 
quick-disconnect electrical connectors at vital points. 

But it could have been rolling in seconds or minutes! If only the 
circuitry had been arranged on the modular basis so that essential 
elements of the automatic control and operating system could be 
disconnected quickly ... and complete, operable spare components 
inserted at a moment's notice. The units in trouble could have been 
repaired properly, too, at leisure... by trained personnel, at the 
right place, with the right facilities. Production could have gone on 

thousands of man-hours and thousands of dollars saved 
merely by the use of quick-disconnect components. 

Are the controls in your electrical or electronic product designed 
on the modular basis? How about your production line? Will minor 








and your high-paid help talks TV 


failure cause breakdown? Or do you need Cannon Connectors? 
Cannon makes over 27,000 different electrical connectors. If one 
of these does not meet your requirements, we'll design and make 
the electrical connector you need. Write today! Cannon Electric Co.., 
3208 Humboldt St., Los Angeles 31, Calif. Please refer to Dept. 185. 


Send for explanatory material on how modular designs can save dollars. 


| 

\¢ 
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Where Reliabiliiy for Your Product is Our Constant Goal 


M ELECTR 





TANDEM THRUST BEARING 


Using axial space along the shaft, rather than enlarging the housing 
diameter, this new Rollway tandem thrust bearing distributes the load 
over two or three stages of roller components. Gives 2 to 3 times more 
thrust capacity than conventional thrust bearings. Life expectancy is 
8 to 12 times longer depending upon the number of stages. 


Each stage comprises a rotatable bearing plate 

a bronze retainer with thru-hardened steel 

rollers...a compression sleeve...and a stationary 

bearing plate. The thrust load is applied to the first 

stage and is by-passed by each compression sleeve 
in turn to the remaining stage or stages. 


Calculated deformation of the bearing plates dis- 
22 sizes, up to 17” bore, tributes the load uniformly on all rollers. A greater 
34” O.D., and number of rollers in the first stage carries about 
2,325,000 Ib. capacity 60% of the load, without increasing the load per 
at 100 rpm roller. Compression sleeves have cross-sectional 
areas proportional to the load imposed. Roller vari- 

ance is held within one ten-thousandth inch. 


SEE this remarkable bearing at the 


AISE Show (Booths 479-80), or write 
Rollway Bearing Company, Inc., 541 Sey- 
mour Street, Syracuse 4, N.Y. for catalog 


THREE STAGE sheet giving complete specifications. 


TANDEM 


5 sizes, up to 17” bore, 
34” O.D., and 

3,410,000 Ib. capacity 

at 100 rpm 


BEARINGS 


COMPLETE UNE OF RADIAL AND THRUST CYLINDRICAL ROLLER BEARING 


Tandem Thrust Bearing manufactured by Rollway Bearing Company, Iné. 
under U.S. Patent Number 2,374,820. 


ENGINEERING OFFICES: Syracuse * Chicago « Toronto « Cleveland « Seattle « San Francisco « Boston « Detroit « Pittsburgh « Houston « Philadelphia « Los Angeles 
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TIMERS...SPECIAL DELIVERY 


Standard or 
special — 
Industrial Timer 
makes 

rapid deliveries 
on all models 


Sometimes you need a standard 
model timer ... other times you 
need a special. Either way we 
can give you the extra rapid 
service you may need because 
of the efficient way we design, 
manufacture and stock timers 
for industrial applications. 


To meet all of the widely 
varying needs of our customers 
we manufacture a complete line 
of timers in the four broad clas- 
sifications illustrated here: 


1. TIME DELAY TIMERS 

2. INTERVAL TIMERS 

3. RE-CYCLING TIMERS 

4. RUNNING TIME METERS 


From these we have already 
developed 20 basic types which 
can be combined in endless 
number of ways . . . to date, 
our engineers have combined 
them into over 1000 different 
models. So what might seem to 
be a special timer requirement 
to you, will very often be a 
standard timer in our large 
stock, and that is the reason we 
have the ability to fill special 
orders so quickly. And as far 
as standard timers are con- 
cerned we can give overnight 
service if necessary. 

So, for the utmost in all- 
round service depend on us for 
this outstanding combination: 
deliveries.“Immediate on Stan- 
dards . . . First on Specials”. 





















































“Running Time’ 


—+—Meters 








PTIME 0" 
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AFFILIATE—LINE ELECTRIC COMPANY 


Timers that Control 


the Pulse Beat of Industry 


Gustin 


a 


Speed up your 
automatic 

control projects — 
profit by our 
timing application 
experience 


No need to let timing problems 
delay you in your automatic 
control projects when you can 
place them with us and get 
faster solutions. Even though 
no two automatic control jobs 
are ever exactly alike, and even 
though the timer requirements 
of each are very different we 
have established an excellent 
record in helping out in these 
situations. 

20 years of experience in an- 
alyzing complex timer applica- 
tions has provided us with the 
special knowledge required to 
give our customers the right an- 
swer in near-record time. 

Our large stock of standard 
and combination timers enables 
us very often to fill orders for 
these requirements without any 
time loss because we have al- 
ready developed so many new 
combinations specifically for 
automatic control functions. 

Extra special automatic con- 
trol timer —this calls for 
original designing. Our engi- 
neers will go right to work and 
get the job done. That’s the way 
we grow and we like it. 

Whatever your control prob- 
lem, you have everything to 
gain by submitting it to our 
timer specialists. They'll come 
up with the answer — almost 
with the speed of automatic 
control itself. 


INDUSTRIAL TIMER CORPORATION 


1413 McCARTER HIGHWAY, NEWARK 4, N. J. 


Circle 460 on Page 19 


MACHINE DESIGN 





hop 


BUILT 
TO TAKE IT 


- 4 % 


| a engineering and construction detail of the 
improved O-M Tie-rod Hydraulic Cylinder adds to its 
overall operating efficiency under heavy work loads, 
assuring maximum smooth performance with min- 
imum maintenance. It is ruggedly constructed of 
heavy walled, seamless steel tubing microhoned to 
minimize friction. The rolled steel heads are recessed 
to confine the tube, prevent breathing and to provide 
additional protection against leakage under the most 
severe conditions. Heads can be rotated independently 
at 90° intervals for convenient port location. The 
piston rod is of stress relieved, high tensile steel, hard 
chrome plated, turned, ground and polished. The 
rod gland cartridge that is threaded for quick, easy 
removal, is accurately piloted in rod head to assure 
perfect alignment, also serves as pilot for cylinder 
mounted on rod end. Rod gland contains extra long 
bronze rod bearing for maximum support of piston rod. 


Vee type, non adjustable, self compensating, rod 
gland packing provides multiple lip seal. Cartridge 
“O” ring, with leather back up furnishes a positive 
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seal. Rod wiper or interchangeable metallic scraper 
prevent dirt from entering cylinder on “in” stroke. 
A complete selection of mounts is available. 

These and many other features are described in de- 
tail in our latest catalog No. 105. Write for your copy 
TODAY or consult your local O-M representative. 


ORTMAN-MILLER MACHINE COMPANY 


7 143rd Street, Hammond, Indiana 


i 
[] Have representative call 


| Send Bulletin 105 


Name Position. 








Company____ 





Address 





City Zone State 
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When You Need Reliable Control 


of Sequential Functions 


you need 


oncurs lo 


(lake 
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140. 45 - a 
CONTACT NOR OPEN 
ELewaRT wD , 34D 
30 AMP. 115¥. 6@CY 
20 AMP - 230¥_ 60 CY 
THE ADAMS & WESTLAKE CO 





From sensitive laboratory use to rugged locomotive 
application, Adlake relays have proved their depend- 
ability and versatility. Here’s why: 


@ Perfect snap action—no pitting, burning or sticking 


@ Hermetically sealed at the factory—no intrusion of dust, 
dirt or moisture 


@ Fixed, tamper-proof time delay characteristics 


@ Quiet, chatterless operation. No maintenance whatever. 


Our engineers will gladly help you solve your control 
problems—no obligation. Just write The Adams & 
Westlake Company, 1173 N. Michigan, Elkhart, Indi- 
ana... New York...Chicago 


the Adams & Westlake Company 


New yorK ELKHART, INDIANA cnicaco 
Established 1857 
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New Waldes Truarc Reinforced “E-ring” Provides } 
5 Times More Gripping Power, 50% Higher 
RPM Limits Than Conventional E-Type Rings © 


























The new Waldes Truarc Series 5144 is a radially-installed rein- 
forced ‘‘E-ring.”’ It is designed for use in assemblies where 
the ring is subject to strong push-out forces resulting from 
heavy vibration and shock loads, high rotational speeds or 
relative rotation between the retained parts. 


Series 5144 provides the following application advantages 
over conventional E-type fasteners: 

1, GREATER GRIPPING STRENGTH — approximately five times 
greater than conventional ‘‘E-rings’’ of the same metal and 
thickness. 

2. HIGHER RPM LIMITS—approximately 50% higher in most sizes. 
3. POSITIVE LOCKING IN THE GROOVE—large corner radii or 
chamfers can be accommodated without separator washers. 
4. LOWER GROOVE COSTS — because recommended groove toler- 
ances have been increased, machining grooves for the series 
5144 is less expensive. 


SEND FOR FREE SAMPLES \ / 





WALDES 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N. Y. 


5. WIDER APPLICATION—because series 5144 rings made of 
aluminum are stronger than conventional ‘‘E-rings’” made of 
steel, the fastener may be used in applications where corro- 
sion resistance or weight are factors. 


Truarc Series 5144 Reinforced “E-rings’’ are available for 
shaft diameters from %,—7/, in. in carbon spring steel, stainless 
steel, beryllium copper, aluminum, and phosphor bronze. They 
are available stacked on rods for high speed installation with 
Truarc applicating and dispensing equipment. 


As in all Truare rings, you get statistically controlled quality 
from engineering and raw materials to the finished product. 
Complete selections are available from leading OEM distribu- 
tors in 90 stocking points throughout the U. S. and Canada. 
Design Engineering Service is available to you. Send us your 





blueprints. Let our Truarc engineers help you solve design, 
assembly and production problems. ..without obligation. 


AND ENGINEERING DATA 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.I.C. 1, N.Y. 
] Please send me sample Reinforced ‘‘E-rings.” 
(please specify shaft size wr 

[] Please send me Engineering Data Sheet 


Name 





Title 





Company 





Business Address___ 





Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Rep- 
resentative and Authorized Distributor. Look under “Retaining Rings’’ or “‘Rings, Retaining.” 


September 4, 1958 
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RECEIVING ENTHUSIASTIC ACCEPTANCE 








ICKERS. New 


%, Temperature 





and Pressure Compensated 
FLOW CONTROL VALVE 


For years the Machine Tool Industry has been asking 
for a combination Temperature and Pressure Com- 
pensated Flow Control Valve to minimize feed rate 
changes. Now for the first time it is available as a 


production unit at a reasonable price. 


peck THESE EXCLUSIVE 


Che FEATURES that mean 


Optimum Tool Life and Better Work Finish: 


FOR OPERATING PRESSURES 
UP TO 2000 psi 


TEMPERATURE COMPENSATED 

Virtually constant feed rates all day long with 
same throttle setting because throttle automa- 
tically compensates for changes in oil temperature. 
The compensator mechanism is simple in design 
and durable. 

PRESSURE COMPENSATED 

Constant feed rate throughout entire cycle because 
built-in pressure hydrostat automaticatly compen- 
sates for load changes. 

SINGLE THROTTLE COMPLETE 

RANGE ADJUSTMENT 

Greater flexibility because valve is adjustable 
within entire flow range of 5 to 1000 cubic inches 
per minute. 





REVERSE FREE FLOW AS 

STANDARD FEATURE 

A standard feature which permits reverse free 
flow (up to 1400 cu. in. per min.) from outlet to 
inlet port by-passing control elements. 


Mf TAMPER-PROOF ADJUSTMENT 

Retension of original feed rate is assured because 
a set screw prevents inadvertent throttle move- 
ment and a cover over the set screw can be locked 
in place. 

M INTERCHANGEABLE 
This new valve replaces 12 previous models and 
it is interchangeable with all of them, also the 
drain connection is eliminated on the new valve 
to simplify piping. 

GREATER ECONOMY 
No need to stock several valves for wide range 
of flow rates. Drain connection is eliminated, 
piping costs are reduced. 


MAXIMUM RELIABILITY AND ACCURACY 
Design of temperature and pressure control com- 
ponents assures maximum circuit reliability and 
extreme accuracy of feed through a range of 5 to 
1000 cubic inches per minute. 


FOR ADDITIONAL INFORMATION SEND FOR 1-195040 8143 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


Machinery Hydraulics Division 


ADMINISTRATIVE and ENGINEERING CENTER 
Department 1430 + Detroit 32, Michigan 


ENGINEERS AND BUILDERS OF Oil 
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Application Engineering Offices: ATLANTA « CHICAGO « CINCINNATI 
CLEVELAND « DETROIT « GRAND RAPIDS « HOUSTON « LOS ANGELES 
AREA (El Segundo) *« MINNEAPOLIS « NEW YORK AREA (Springfield, N.J.) 
PHILADELPHIA AREA (Media) ° PITTSBURGH AREA (Mit. Lebanon) 
PORTLAND, ORE. « ROCHESTER « ROCKFORD « SAN FRANCISCO AREA 
(Berkeley) * SEATTLE « ST. LOUIS « TULSA « WORCESTER 
FACTORIES ALSO IN AUSTRALIA, ENGLAND AND GERMANY 
IN CANADA: Vickers-Sperry of Canada, Lid., Toronto and Montreal 


HYDRAULIC EQUIPMENT SINCE e221 





Zero cases, sealed pressure-tight by LINK-LOCK 


guard instruments 
against humidity, dust, 


atmospheric pressure changes 


Delicate electronic and optical equipment 1s 
shipped long distances . . . handled again 
and again . _ and sometimes stored for 
long periods in transit cases manufactured 
by the Zero Manufacturing Company, Bur- 
bank, California 


The unique containers shown here are 
deep-drawn aluminum, seamless, with pre- 
cision-fitting gasketed lids. They comply 
with rigid military specifications, insuring 
protection of contents against humidity, dust, 
and variations in pressure. 

To effect the critically important pressure- 
tight seal, Zero specifies Simmons LINK 
LOCK fasteners 


Here's why LINK-LOCK is ideal for us« 
on precision-built military cases as well as 
on inexpensive commercial containers: 


E 
& 
a 
ar 


a a @ Positive-locking without springs. 
Simmons No. 3 LINK-LOCK fasteners are employed e 

on these deep-drawn aluminum Zero transit cases. 
LINK-LOCK is available in three sizes, for light, med- arctic temperatures. 

ium, and heavy duty. Compact design—lies flat open or secured 


Impact and drop resistant; not affected by 


Latch design can be varied to suit differ 
ent applications. 

High preloading and high 

capacity 


WRITE FOR CATALOG NO. 1257 
8 lt contains wi 


SIMMONS FASTENERS | in letails of LINK-LOC 


/ 
4 


A 


No. 2 LINK-LOCK. T[laif turn applies high closing 


pressure, counter-turn disengages for opening. 


SIN NONS FASTENER CORPORATION 


1756 North Broadway, Albany 1, New York 
QUICK-LOCK SPRING-LOCK e ROTO-LOCK ° LINK-LOCK 
See our 8-page catalog in Sweet’s Product Design Fil 
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Reliability —rveryone has a different picture of 
reliability. To millions of us, it means an unthinking 
faith in the slender steel ropes that hoist an elevator 
car. To the captain of a ship, it’s a staunch steel hull 
that will resist the wrack of any storm. To the 
policeman on the beat, it’s the oil-smooth action of 
a steel revolver that must never fail. 

So it is that whenever man decides to make some- 
thing that is completely reliable, he usually makes 
it from steel. The reason is simple: steel is the strong- 
est, toughest material on this planet that can be 
bought at a reasonable price. 

More than that, it’s so easy to use. With heat 
treatment, most steels can be made soft enough to 
work, then strong enough to carry the load, then 


tough enough to take the pounding of any applica- 


United States Stee! Corporation « American Steel & Wire « Columbia-Geneva Steel « National Tube 
Tennessee Coal & Iron « United States Steel Supply « United States Steel Export Company 


to advertiser, 
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tion. With many steels, you can achieve 100% efficient 
welded joints. All this in a material that is universally 
available, in an infinity of grades, shapes, sizes, 
finishes and preforms. 

Ironically, the great variety of steels often causes 
trouble for the designer. No matter what combina- 
tion of properties you need, no matter what the 
application, there is theoretically one best steel for 
the job. Finding it among the great family of Carbon, 
High Strength, Alloy and Stainless Steels can be a 
problem unless you have a skilled metallurgist on 
your staff, or unless you take advantage of the free 
services of a company that has invested hundreds 
of millions of dollars in steel research—this is United 
States Steel, 525 William Penn Place, Pittsburgh 30, 


Pennsylvania. 


United States Steel 


mentioning MACHINE DESIGN 
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Problem: Combine maximum pay load and safety in 
Tuttle Mfg. Co. in Los 


Lower Left 
gasoline tank trailer. Solution Angeles 
recommended USS Cor-TEen High-Strength Low-Alloy Steel, well 
known for its ability to increase pay loads without sacrificing strength 
Pay-off 


crash, but the Cor-TEN Steel didn’t crack or tear. Cargo was saved 


or reliability Entire side of tank was caved-in in freeway 


and possibility of fire averted 


Lower Middle 
natural gas storage vessels for Tokyo Gas Works Ltd. and save on 


Vessels were built from USS“ T-1 


Problem: Build completely reliable t 1- pressure 
i 


Solution ’ Constructional 


steel 





Plates were cx 


Alloy Steel 


efficiency factor. Pay 


36,000 psi), they saved 1 
Lower Right— Pro! 

tinuous steam process for 
fidelity 
cleaning, complete 
old equipment, dye 
be adequately 
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Solution: Stainless Stee 
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Designers who specify fasteners realize the many con- 
siderations that enter into cost determination. While ease 
of installation is often the most important feature, other 
factors affect costs. It may be difficult to put a dollar value 
on availability, for example, but serious financial losses do 
occur when production is held up or shipping dates are 
missed because of a slow fastener delivery. Being able to ship 
from stock, as Southco does, helps avoid production delays. 


ELIMINATION OF SPECIAL TOOLS 


— il 


Down time due to special tool 
failure and maintenance of special 
fastening tools are two fastening 
costs which are eliminated by 
Southco Drive Rivets. The only 
tool required is a hammer. . . any 
kind of a hammer. . . claw or ball, 
and size is not important. The 
number of men on a Southco 
riveting job is never limited by the 
number of special tools on hand 
and in working order. 








QUICKLY SET 





To install, Southco Rivets are 
placed in drilled hole. The pin is 
then driven witha hammer. Installa- 
tion is complete. No bucking is 
required. 

Expanded prongs force parts 
together. Pin is locked securely 
into rivet by displaced metal filling 
unique grooves. Compression 
forces are utilized for greater 
J strength, 


NO FINISHING OFF, NO WASTE 








Impact of hammer seals pin 
neatly in rivet. No part of the 
rivet is cut off and discarded. No 
time-consuming filing, grinding or 
polishing is necessary. No scrap 
to clean up. 


MANY FACTORS CONTRIBUTE TO 
LOW INSTALLED COST 
OF SOUTHCO DRIVE RIVETS... 


CROSSES HSSSSHSSSSSEESSHHEHSHSHSHSHSHSHSHSHSHSHHSHHSHHHSHSHHHSHSHSHSHSHHHSHSHHSHSHSHSHHHHHHSHHSHHSHHHHHHHHSHHHEHHEOE 


ECONOMICS OF FASTENING 
COVERS FULL CYCLE 

FROM INVENTORY 
REQUIREMENTS TO 
FINISHED PRODUCT 


eeeeereeeeeeee ete 
SP eeeeeeeeeeeesse 


AUTOMATIC “PULL-UP” ACTION 
ASSURES TIGHT JOINT 


A Ahehehhahaendaadl 
ae eS SS SS*) 
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Even when adjacent surfaces are separated, parts are forced 
together by Southco Rivet action, then held tightly in com- 
pression. 
































WIDE RANGE OF APPLICATION 

NEW PLY-HEAD* 
RIVETS 

=. us 


*TRADE MARK OF 
SOUTH CHESTER CORP. 





ACCESS APPLICATION BLIND APPLICATION 























Southco Drive Rivets are used to secure metal to metal or 
metal to wood. They are equally adaptable to blind or open 
applications. In each, they are quickly set and grip tightly. 
New PLY-HEAD* rivet permits higher loading of “soft” 
materials such as plywood, plastics and composition. 


AVAILABLE IN ALUMINUM 
OR STEEL 


Southco Rivets are supplied in aluminum or cadmium 
plated steel. The aluminum rivets have either cadmium 
plated or stainless steel grooved pins. The steel rivets have 
cadmium plated steel grooved pins. 

Standard head designs are Universal or Countersunk. 
Full Brazier heads are available in popular sizes. New 
PLY-HEAD rivet rounds out line. 

ALUMINUM 





DIAMETERS LENGTHS NOMINAL GRIPS 





Yo" to 342" 
Ys" to %" 
Yo" to %" 


Ye" to Ye " 


WG " Ve " to Vo " 
Sin" Za" to Ya" 
Ye" Ya" to %" 
”" Ka" to Ya" 








STEEL 





NOMINAL GRIPS 
Yaa" to'342" 
3a" to 45" 
Yo" to %" 


DIAMETERS 
Y% t y%" ts VA " 
%" Yu"to %4" 
yy" Va" to ¥4" 


LENGTHS 























FREE RIVET FOLDER .. . Send for your free copy of “Southco 
Drive Rivets’’ Folder. Gives complete information on the application, 
installation, and specifications of aluminum and steel Drive Rivets. 
Write on your letterhead to Southco Division, South Chester 
Corporation, 237 Industrial Highway, Lester, Pa. 


/ 
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SPRINGS NUTS 


BLIND Y% TURN | ADJ. PAWL DOOR 


RIVETS FASTENERS | FASTENERS | LATCHES 
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PHOTOGRAPHED ACTUAL SIZE 
BALL CIRCLE DIAMETER: %s INCH 


CRITICAL MINIATURE POSITIONING “CONTROL PROBLEMS 





screw fixed—nut travels 














i 
ey j 
os Real 
NUT TRAVELS: When rotary motion is applied to the screw, 
the bb nut glides along the axis of the screw on roll 

ing steel balls, converting rotary force and motion to linear 
force and motion with 4/5 less torque than acme screws 


be nut fixed—screw travels 








‘a 
SCREW TRAVELS: When rotary motion is applied to the 
b/b nut, the screw glides along its longitudinal axis on 
rolling steel balls, converting rotary force and motion to 
linear force and motion with unprecedented efficiency. 
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An unprecedented achievement in minimum size 
and weight—maximum efficiency, dependability and 


service life for ultra-precise controls. 


It's another first from Saginaw—and the 
possibilities it opens up for improved 
electrical and electronic controls are 
limited only by your imagination! Radar 
tuners, missile and rocket guidance and 
telemetering systems, automatic switch- 
gear, electronic machinery controls are 
just a few of the applications where this 
new miniature Saginaw b/b Screw will 
solve critical positioning / control problems. 
It's so compact and light, you can save 
substantially on space and weight. It’s so 
efficient, (over 90%) you can use much 


smaller motors and gear boxes. It’s so 
precise, you can position components 
within .0005 inch per inch of travel. 
It’s so dependable, you can rely on re- 
markably long service life even in 
adverse environments. 


You will find our 1958 Engineering Data 
Book extremely helpful in planning 
applications, or experienced Saginaw 
engineers will gladly make specific re- 
commendations without obligation 


LET SAGINAW’S EXPERIENCED ENGINEERS HELP SOLVE YOUR SPECIAL 
APPLICATION PROBLEMS . JUST WRITE OR PHONE US—NO OBLIGATION 


September 4, 1958 


WE min 
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Drive Package Provides 
Infinitely Adjustable Speeds from 
: _ AC Power Source 


CONTROL i CONTROL 
PANEL STATION 


The complete Dynamatic power package includes all components 
required to provide infinitely adjustable speeds from an alternating 
current power source. A Dynamatic Ajusto-Spede® or Dynaspede® ai ais 
Drive, with electronic control and pushbutton station, satisfies the DYN A i ATI 
requirements of almost any application where proper machine : 

operation or material processing depends upon control of operating oe 


AJUSTO-SPEDE DRIVE 
speeds. 


The compact control panel may be remotely mounted to conserve 
valuable space on the driven machine. The pushbutton station at 
the operator’s position puts vital controls conveniently at the 
operator’s fingertips and requires a minimum of space. 


Speeds are infinitely adjustable from 0 RPM to full output speed, 
and accurate speed regulation may be obtained from 100 RPM to 
full output speed. 

Ajusto-Spede® Drives, available in ratings of 14 horsepower to 75 
horsepower, are air-cooled. Dynaspede® Drives, rated from 3 to 


75 horsepower, are liquid-cooled. Raise your productive efficiency 
with Dynamatic eddy-current units. 


Send for Illustrated Literature Describing 
Dynamatic Adjustable Speed Drives 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
92 
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NEWEST OF THE GARLOCK 2,000 


irst Advance 
in Cup Design 
in 30 Years 


Most important, of course, TEFLON-coated cups 
are low in cost, only slightly higher than ordinary 
cups. 

Get full information on this newest member of 
“the Garlock 2,000” ... two thousand styles of 
packings, gaskets, and seals for every need. Call 
your local Garlock representative or write for 
Folder 145. You'll find information on other Gar- 


lock products in Sweet’s Product Design File. 


/ Other New Garlock TEFLON-Coated Products 


THIN TEFLON COATING 

THIN TEFLON COATING 

Cutaway shows how TEFLON coating is applied to outer RUBBER CORE 
surface of molded cup by special Garlock process. Coating 
becomes integral part of outer surface 


tially improve the operation of your hydraulic or THIN 

yneumatic equipment. TEFLON 

. was ncouind cups reduce the breakaway torque es” ee COATING 

; : : MPOUND 

required to operate cylinders; reduce running fric- 

tion; will not stick to cylinder walls even after long To reduce friction and reduce do 

periods of idleness. Completely eliminate ‘‘squeal- ee ae. . 

ing.’ All this, of _ Course, oautid Oen is ake ieisreeihn ae 

results in longer life, less qualities of TEFLON-coated cups. These products are avail- 

downtime. able in all the standard sizes. Write for CHEVRON folder 

TEFLON, with its low co- AD-115; or O-Ring Folder AD-148 

efficient of friction and anti- 

sticking characteristics, has 

for many years resisted the 

efforts of manufacturers to E For Prompt Service, contact one of our 30 sales offices 

use it as a coating. The i ae and warehouses throughout the U. S. and Canada 

very anti-sticking qualities 

that make it desirable, also made it difficult to work 

with. Now Garlock has perfected a technique for A RLO CC HK. 

coating molded cups with a thin layer of TEFLON. 

This coating becomes an integral part of the cup. Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 


This exclusive Garlock development will substan- ; / 


>ptional 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 
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DESIGNER’S CHECK LIST 


VALVES — — controt om HYDRAULIC POWER 
flow performance as much as 20 gpm (05 series), 30 gpm 
(07 series) and 55 gpm (10 series) with back pressure ratings 
under 100 psi, non-constricted flow reduces pressure drop. 


CYLINDERS — utmize om HYDRAULIC POWER 
single acting, double acting, telescopic 

capacity up to 25 tons—stroke up to 45 inches 

operating pressure up to 1500 psi. 





WORKING SECTIONS 


Four-way, four position; 
work port blocked in neutral — 
open in fourth position 


UTLET SECTION 
Top, side, bottom dump or 
Four-way, three position Pre beyond porting 
work ports blocked 


Three-way, three positio 
work port blocked 


Relief valve 


Threaded or split flange connections 








Removable stuffing box 


Two piece piston 


Bronze packing nut 
Piston packing 


Bronze wear ring 











‘Performance Rated 
three working and ou 
. Any combination 


sequence into 4a Si ngle Space saving unit, 


INTERNAL PRESSURE DROP — 


ne fou been. 


tlet sections assembled in » eb 


of working sections can be assembled in any 


three posi 
por 


; ee (GPM) 
15 | 20 | 25 | 30 | 35 | 40 


48.5186.2| 
22 5 02 





05 SERIES 
2 5190. 0 


10 SERIES | | 262.3|77.0 
APPROXIMATE OVERALL DIMENSIONS 5 (IN) 


07 SERIES 




















Be ail valve 


B—screw —slug D—none 


Fe Ei t in sections 
!l working sections except H and / 


i | att -way, three position 
ports open—spool detent positioned 
1!— four-way, four position 


Si - $2 


t cylinder outlets 


ns 


i . - ia 


memes erat -@- 











SIZE ABCDEF G H I 
"| 712'% rn \ Hat Ave24)10 {124413 
%"1| 82% Wel] 62% N1%613 % hanel42ve%| Bulb 14125 
o- 103 lhl voyli4 17% l17 K1643 thowe nay 


OPERATING PRESSURE 2000 PSI Spring return or poppet detent 
O-rings seal against leakage spool locating 
dense hi-tensile castings absorb 
stress without distorting 


NO LOAD DROP 


Solid — 
Positive hold check built int 
each working section prevent a , 
load drop or sag. A 
OVERLOAD RELIEF—PRESSURE smoother} 
CONTROL restriction free 
Sensitive cartridge type pres passageways 


ire relief provides safety 
pass protection against over 
1 of hydraulic system 


28 t RA 8 
[3742 | Il 7% 4e2¥, 








INon-constricting 
positive hold check 











directional control valve consisting of 


Double acting solid plunger cylinder fitted with two piece 

. Disassembly for easy inspection and replacement of piston 

packings is a simple field operation. Note there is 
» metal contact between piston and cylinder. 


piston 


DOUBLE ACTING 

ROD. DIAMETER 11%I%%M, 2 
CYLINDER 0.D. 2Y, a [3%] 4 AG” 6%\8 19% 
.014.0171.0211 036) 061/.094).133).179).242 
.010).012).016).028).054!.080..119).158).220 
3.1 |4.0 | 4.9 }8.3 14.2/21.630.7141.355.9 
2.4 |2.7 3.7 |6.5 12.418.527.536.350.9 


2 24 21% 





PUSH 


DISPLACEMENT PUSH 


EFFECTIVE AREA purr’ 





SINGLE ACTING 


PLUNGER DIA. 1 
CYLINDER O.D. 
DISPL’CM’T 
EFF. AREA 


Il 134 2 Wy 234 334 434 534 634 77% 
1 %4| 234|254| 274| 3141 374|47415%4167%418 |9% 
(003,008,010.014)021,026,048.0771.112.155,.210 
0.8/1.8 /2.4/3.1 14.9 |5.9 11.017 726.085.848.7 





TELESCOPIC 


SLEEVE DIAMETER 


SLEEVE] CYLINDER O.D. 
NO. | 4% 5% 6% 8 914 
Ist | 3% 5% | 6% 
2nd | 234 43/,| 5% 
3AD 3%| 4% 
4TH 2341 3% 
5TH 2% 


DISPLACEMENT 

SLEEVE} CYLINDER O.D. 
NO. | 4% 5% 6% 8 9% 
1st | 
2no |.03710621.09511331.183 
3RD L0501.079}11 159 
4TH 066,098,139 
5TH 0831121 








1h 
6% 
5% 
4%, 
3% 





























hown in units as follows: diameter—inches, area—square inches 


capacity per sq. in. displacement—gallons per inch of stroke 


EFFECTIVE AREAS OF SLEEVES 
SLEEVE DIAMETER 234 334 434 534 634 7% 
EFFECTIVE AREA | 5.9/1].0117.726.035.848.7 


Cylinder capacity, neglecting friction loss, can be approximated by 
multiplying rod, plunger or sleeve effective area by operating pressure. 





Commercial Shearing & Stamping Company Iii aaa man ane 





Dept. S-36, Youngstown, Ohio 
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Shearing & stamping 


MACHINE DESIGN 





COUNTERSHAFT 
O00 


INDEPENDENT 
BOOM HOUSING 


OO 


WORM HOUSING 


C)¢ 














Ox 


SWING SHAFT 


OO C) OQ © PR: 


SWING & TRACTION 
REVERSE SHAFT 


4 CENTER POST 


aS BUSHING 


O VERTICAL TRACTION 
4 SHAFT 


OOO00 


INTERMEDIATE COUNTERSHAFT 


National Oil Seals used at key points 
throughout UNIT Crane & Shovel excavators 


UNIT Model 1020 pictured above is a Hf yard diese] 
excavator designed for maximum convenience and ver- 
satility in medium-duty applications. As in other UNIT 
excavators, National Oil Seals are installed at key 
points to retain lubricant, exclude dirt and water. and 


prolong life of bearings and assemblies. 


In the UNIT 1020 Excavator, a total of 23 National 
Seals are employed in 9 basic subassemblies. These in- 
clude front, rear and intermediate countershaft assem- 
blies, swing traction reverse shaft, the turntable center 
pin assembly, vertical swing shaft, worm housing and 


traction shaft assemblies. 


NATIONAL SEAL 


Grease seals used in the Model 1020 are of the National 
0.000 series design, employing a spring-tensioned 
leather sealing member mounted inside a precision- 
made steel outer case. Shaft sizes range from 11/16” in 
the intermediate countershaft assembly to 8” on the 
turntable center pin. Similar use of National Seals is 


made in 11 other excavators offered by UNIT. 


National Seals used in the UNIT Model 1020 are all of 
standard design: National offers over 2.500 different 
such seals or can design special seals for special require- 
ments. Call your National Applications Engineer. He's 


listed in the Yellow Pages. under Oil Seals. 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Downey and Redwood City, California 


September 4, 1958 
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BEARING TIPS 
by McGill 


McGILL canmmrRo.g: 
bearings cost less to increase 
efficiency of cam follower, guide 
and support roller applications 


Using CAMROL CF and Cyr (cam yoke roller) bearings eliminates 
the inconvenience of obtaining and processing component 

parts for built up followers. It costs less to select the 

proper size CAMROL bearing from stock than machine and 
assemble loose bolts, bushings, bearings, and snap rings. 


CAMROL bearings are engineered and precision built to carry 
heavier loads with greater accuracy and alignment. An 

extra heavy outer race with full roller complement on a flanged 
stud (or inner for CyR) offers high load and shock capacity. 
Smooth, dependable action with low starting friction is 
assured through longer machine life. Available sealed also. 


Improved performance, reduced 
friction and greater accuracy 
as ram guides in huge welder 


The long ram stroke and large diameter. 
welding wheel impose severe requirements 
on the CAMROL equipped ram guiding device 
of this resistance seam welder manufactured 
by the TAYLOR-WINFIELD CORPORATION. 


: ‘Ease of assembly and smooth operation i in 


electrolimit continuous gage 


PRATT & WHITNEY co., INC., manufac- 


turers of the ELECTROLIMIT CONTINUOUS @ 


GAGE shown here have cut costs through 
the elimination of built up followers re- 
quiring ball bearings, shafts, spacers and 
milling slots by using sealed CAMROL 
bearings. They are prelubricated and 
protected. The CAMROL bearings which 
travel along a vertical cross slide rail, 
provide smooth, easy action as the gage 
slides onto strip material running 
through the mill. No bearing replace- 
ment reported in over 10 years. 


engineered electrical products — — 


VV 


The CAMROLS provide 
greater accuracy with less 
friction than was expe- 
rienced with a round ram 
and bushing type bear- 
ing formerly used. Lubri- 
cation is simplified, 
maintenance reduced 
and performance is 
excellent. 

The welder has a throat 
depth of 84” and a 12” 
vertical stroke of the up- 
per ram carrying the 
large diameter welding 


CAMROL® bearings 
take severe impact 
loads in hydraulic 
Snubbing hooks 


CAMROL CF bearings are 
used as hook positioner 
rollers in BRYON JACKSON 
HYDRAPLEX HOOKS. These 
heavy-duty (100-150 ton ca- 
pacities) hooks are used in 
oil well drilling work. The 
hook positioner mechanism 
includes CAMROL cam fol- 
lowers that travel ona 
hardened cam track when 
the load is released to re- 
turn the hook to its original 
position. The CAMROL bear- 
ings take severe impact loads 
in the thousands of pounds. 


SEND FOR CATALOG No. 52-A 


cs 7 é Ee MULTIROL — GUIDEROL — CAMROI. 


precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., BEARING DIV., 200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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A plane’s best friend 





Aircraft parts of Synthane lami- 
nated plastics combine light 
weight, strength and electrical 
insulating properties. 
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Almost anyone who flies spells 
‘Reliability’ with a capital “*R”’. 
Which is one reason why the aviation 
industry is a good customer for 
Synthane laminated plastics. There 
are other reasons. 

Synthane is a material with many 
useful properties in combination. 
It’s light in weight (half the weight 
of aluminum). It’s an insulator with 
high dielectric strength, low dielec- 
tric losses, excellent insulation re- 
sistance. It’s easily machined and 
resistant to chemicals. You’ll go far 
to find one material with all these 
desirable characteristics. 

But Synthane is more than a 
material. It is an investment in re- 
liability. Quality control from the 
raw materials to the finished product 
assures you of uniformity and rigid 
compliance with your most exacting 
requirements. 
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is Reliability 


Synthane Is people. People who 
have grown up with our company 
and take pride in turning out a first- 
class job. People to whom promises 
of delivery mean something. People 
who are specialists in working with 
laminated plastics. In short, people 
you can count on. What does all this 
cost you? Little or no more than you 
are now paying for other plastic 
laminates. 

If you are interested in a reliable 
source of laminated plastics, you 
might remember that after ““R”’ for 
Reliability comes “‘S’’ for Synthane 

. and Service. 


[ SYNTHANE| 
Sj 


SYNTHANE CORPORATION, 5 RIVER ROAD, OAKS, PA 











New 6-cyl. diesel front section and 
right side view of complete 6-cyl. 
engine. 

UD-236..75 max. hp @ 2400 rpm 
UD-282. .90 max. hp @ 2400 rpm 


six cyl. 


Now you can put a power plus in your 
products with four new International 
6-cylinder 75 or 90 horsepower en- 
gines. Each new pair of diesel or car- 
bureted engines is interchangeable in 
power and dimensions. And because 
all four are specifically built for 
heavy-duty work, many parts are 
common. 

The 90 hp pair, the new UD-282 


HEAVY-DUTY ENGINE FEATURES FOR DEPENDABLE, LOW-COST PERFORMANCE 


UD-236 and UD-282 Diesel Engines 
17.6:1 compression ratio for compression ignition and minimum 
fuel consumption 


Simple accessible fuel injection system with automatic advance 
for best fuel economy 


Precombustion chambers for low firing pressures and clean burn- 
ing of No. 2 diesel fuel under all loads and speeds 


Exhaust valve rotators and intake valve umbrella oil seals 
Easy 12-volt direct electric starting 


Pressure lubrication through full-flow filter and rifle drilled 
passages 


Deep I-block crankcase ribbed for extra strength and rigidity. 
Replaceable cylinder sleeves for low cost life extension 

Heat treated forged steel I-beam connecting rods 

Low friction aluminum-alloy dished top pistons 

Thoroughly sealed against life-robbing dust and dirt 


6-cylinder smoothness in a complete package 


UC-221 and UC-263 Carbureted Engines 


7.2:1 compression ratio and large 18 mm spark plugs for top per- 


formance on regular gasoline 


Updraft carburetor and top outlet exhaust for high sustained 


power output with minimum heat interference 


Fully machined combustion chambers for uniform power from 
each of six cylinders 


Exhaust valve rotators and intake valve O-ring oil deflectors 
12-volt starting and ignition system 


Pressure lubrication through full-flow filter and rifle drilled 
passages 


Deep I-block crankcase ribbed for extra strength and rigidity 
Replaceable cylinder sleeves for low cost life extension 

Heat treated forged steel I-beam connecting rods 

Low friction aluminum-alloy stepped-dome pistons 
Thoroughly sealed against life-robbing dust and dirt 


6-cylinder smoothness in a complete package 
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NEW International 
75-90 horsepower 


GASOLINE INTERCHANGEABLE ENGINES 





and UC-263, as well as the 75 hp UD-236 and UC-221, 
feature efficient, economical valve-in-head design, re- 


placeable cylinder sleeves, thru-hardened counterbal- 
anced crankshafts and gear-driven induction hardened 
camshafts for a new high in long life dependability. 

The UD-282 and UD-236 are direct-start diesels 
with time-proven International pre-combustion cham- 


ber design. Use of a 14” larger bore in the diesels 
makes possible the same power as corresponding gaso- 


line models with lower B.M.E.P. A glow plug for each 





pre-cup is regular equipment for easy starting in any 
weather. 

Gear-driven mechanical governors on all engines 
provide excellent speed regulation. Rated load speeds 
to 2400 rpm are available to suit application 
requirements. 

Installation in your products is simplified by six- 
cylinder built-in smoothness and availability of 
matched power unit components including air cleaner, 
base, radiator and enclosure. 

For complete information on any of 22 International 
4, 6, and V-8 engines, write International Construction 
Equipment Division, Melrose Park, Illinois. 

Brief Specifications 
MODEL 
Bore 


Stroke. . 
Displ. cu 


all engines with fan and No. 3 flywheel housing is 4 4 


tnternational 


Construction 
Loupment 


International Harvester Co., 180 N. Michigan Avenue, Chicago 1, Illinois 
A COMPLETE POWER PACKAGE: Crawler and Wheel Tractors Self-Propelled 
Scrape Crawler and Rubber-Tired Loaders Off-Highway Haulers Diesel 
and Carbureted Engines ... Motor Trucks... Farm Tractors and Equipment. 


New 6-cyl. gaso- 
line front section 
and left side view 
of complete 6-cyl. 
engine. 


75 max. hp @ 2400 rpm 
.90 max. hp @ 2400 rpm 
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Another new development using 


B.EGoodrich Chemical :» ms0czia: 


Ley 


v4 


EY 


al 


Texkote steel, made by Sun Steel Company, Chicago, Ill., is used on Admiral 
Slimline portable TV sets in pigskin tan and black leather finishes. Texkote 
finishes on steel or aluminum can be obtained in any color in a wide variety of 
textures. Plastisol is formulated by Bradley & Vrooman a eA Chicago, 
1/1. B.F.Goodrich Chemical Company provides the Geon polyvinyl material only. 


Admiral TV set proves the case: 


STEEL GETS NEW VERSATILITY WITH GEON COATING 


j pre portable TV's case is actually 


made of steel. Yet it looks like 


eather. You can wash it. It resists scuffs 
and stains. It’s an example of the versa- 
tility being added to steel and aluminum 
with coatings made from Geon poly- 
yl materials 
Geon-coated metals can be formed, 
bent, punched, or even projection welded 
thout damage to the coating. Products 


he solid or multi-colored. Textures 


B.EGoodrich 


can match the beauty of wood, leather, 
fabrics or other materials. 

The Geon coatings also offer superior 
abrasion, electrical and chemical resist- 
ance. It’s another example of how versatile 
Geon can provide the key to a new or im- 
proved product. For more information, 
write Dept. LO-5, B.F Goodrich Chemical 
Company, 3135 Euclid Avenue, Cleveland 
15, Ohio. Cable address: Goodchemco 
In Canada: Kitchener, Ontario. 


B.F.Goodrich Chemical Company 
a division of The 8.F.Goodrich Company 


GEON polyvinyl! materials * HYCAR American rubber and latex 


GOOD-RITE chemicals and plasticizers *« HARMON colors 
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TOTAL. COVERAGE 

Vo matter which way the wind blou 
sO} hlowe) unit requ rements 
direct drive or radial-arial n 
Torrington has the solutio 

This means complete technical 

the proved-o it performance 


lines of basic blowe? 


In addition to the 


and the already fa 


THE TORRINGTON MANUFACTURING COMPANY 


TORRINGTON, CONNECTICUT « VAN NUYS. CALIFORNIA + OAKVILLE. ONTARIO 
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CLEMSON PRECISION LAWN MOWERS have proved through 


twenty years of experience the best way to build strong, 
durable machines requiring complex precision parts at low 
cost. 


BY DESIGNING FOR ZAMAK ZINC DIE CASTING ALLOYS, 
CLEMSON ACHIEVED: 


..» ACCURACY AND UNIFORMITY OF PARTS 

... LOWER ASSEMBLY COSTS 

... ELIMINATION OF EXTRA PARTS 

..» ASMOOTH OPERATING, PROPERLY BUILT MACHINE 
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Blasts, Hoots, Yawns 


REATIVITY is a funny thing. 
C First, we all modestly admit 

that we have it. Other 
people—bosses and _ psychologists— 
choose to recognize different de- 
grees and kinds of it. It’s fair game 
for debate by anyone. But what 
do we mean by creativity? 

Let’s look at it only in relation 
to one’s job. Let’s define creativity 
as the capacity to add something 
to the job by way of idea, inven 
tion, unique problem solving. 

We all hope that our brain chil- 
dren will be accepted by others. 
And we fear, consciously or other- 
wise, that they will not be. 

Then, this is the riddle: How 
can I exploit talents and ideas | 
know I can bring to the job, with- 
out suffering the blasts, hoots, or 
yawns of the other guy, whether 
boss or colleague? 

Take a new man. Bubbling with 
new ideas, he all too often en- 
counters ill-concealed ridicule from 
his associates or condescending ex- 
planation from his superiors. This 
is the crucial fork in the road. 
Does he give up? Does he persist? 

The man who gives up, but stays 
on the job, chooses a humdrum 
life. Playing it safe can leave one 
feeling secure but vaguely discon- 


tent about earlier, bold aspirations 
for the future—which too many 
times is today. 

The man who blindly persists is 
ill-fated. He becomes a problem, a 
“character,” inviting exasperation 
if not outright rejection. He claims 
the organization is restricting, oth- 
er people unsympathetic. He quits 
to find other walls to bang his head 
against—and perhaps he finds soft 
er ones. 

There’s a lot of space between 
these two extremes. 

Persistence is essential, if it’s 
aimed right. With time comes ex 
perience: The accumulated knowl 
edge and skill in working with 
things, people, organization—and 
ideas. 

Creativity and enthusiasm, ori 
ented by experience, find directions 
that are meaningful to the total ef 
fort. Rebuffs diminish—at least 
they don’t hurt as much. Instead 
of being confined by the framework 
of his job, a man finds that he 
ible to modify and expand 


he himself grows within 
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ASSOCIATE MANAGING EDITOR 





HOW TO SET UP A 


WRITING PROGRAM 
FOR ENGINEERS 





oe epase 


—— al 


successful methods evolved by 


By PAUL R. HEINMILLER 


Editor 


* 


Schenectady, N. Y. 


~— 


LTHOUGH most companies are in favor of 
A having their engineers write, only a small 
percentage of engineers actually do any writ- 
ing. Engineers who write can encourage their as- 
sociates to become active. Engineering-department 
managements can do much to increase the writing 
activity among their engineers. The typical engineer 
need only be provided with a reason, a subject, 
and a little help to make him an active writer. 
Engineering management at General Electric has 
been unusually successful in encouraging their en- 
gineers to take an active part in presenting tech- 
nical papers and writing articles. A number of ideas 
that have been found valuable in getting General 
Electric engineers to write are given in this article. 
The majority of these ideas can be employed to good 
advantage by any firm, large or small. 


The Right Climate Is Needed: Engineers are avid 
readers—and are interested in writing. The num- 
ber of engineers who are writing can be greatly in- 
creased if the climate within the department is favor- 
able. Since engineering management is the source 
of the policies, reactions, comments, and encourage- 
ment that make up a favorable climate, manage- 
ment can expect to be largely responsible for the 
level of writing activity. To increase the writing 
output, members of engineering management must 
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General Electric Review 
General Electric Co. 


firmly believe in the benefits of writing and be able 
to convey their own enthusiasm convincingly. 

Enthusiasm Can Be Built: Talks can be scheduled 
during regular engineering meetings to show man- 
agement’s favorable reactions to writing. Potential 
authors can be encouraged during these meetings 
and during private conversations. If some of the 
engineers are already writing, a periodical report 
that shows the output of each engineering group 
can be used to create interest and a spirit of com- 
petition. 


Personnel records should be maintained, showing 
the number of published articles by each engineer 
over the past few years. An annual award should 
be considered—perhaps a desk set, suitably en- 
graved—for the best paper of the year. 


Sell the Idea: The benefits of writing articles 
both to the engineers themselves and to the com- 
pany—must be emphasized constantly. Familiar 
benefits include additional prestige and recognition 
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General Electric Co. 


that the author receives from his associates in pro- 
fessional circles, his office associates, plant employ- 
ees, neighbors in the community, and members of 
his own family. 

The value of engineering developments is limited 
by keeping this knowledge within the company. 
Knowledge, spread throughout industry via the me- 
dium of articles and lectures, provides broad bene- 
fits. While any one company today contributes only 
a small part of the world’s research and develop- 
ment work, each company benefits greatly from the 
policy of free publication followed in most coun- 
tries. A company should publish promptly and free- 
ly, wherever it can without jeopardizing the com- 
pany or others concerned. 

Dr. Guy Suits, General Electric vice president 
and director of research, in a statement about writ- 
ing of articles by research scientists, said, “The 
sponsor of research must remember that modern 
technical progress—including his own—is built on 
prior work by scientists the world over. Recognition 
by the sponsor of an obligation to contribute to the 
common pool of knowledge, upon which future 
progress will be built, can be justified on purely 
selfish grounds alone.” 


Leadership Must Be Provided: The engineering 
manager should be an active author himself—one 


September 4, 1958 


Subjects for Articles 


The list of subjects for signed articles is 
as unlimited as the breadth of reader in- 
terest in the many business, trade, and tech- 
nical magazines. Selection of a subject can 
be simplified by considering what will be 
of value to the company for commercial, 
engineering, or other reasons. After selection 
of general subject, determine what aspect 
is most worthwhile, newsworthy, and in- 
teresting. 

An author should write about work with 
which he is most familiar and in an area 
where he can make an original contribution. 
A partial list of general subjects about which 
articles or society speeches might be writ- 
ten is: 


of a new sworthy 


1. Engineering description 
product, design, or process. 
How to select equipment for specific uses 
or ir dustries 

Why, when, where, and how to apply a 
product or process 


¢ 
free OD- 


How to install it 


a specific product in 


Thought-provoking articles—* 


Most Value from Design,” “When is Ultra 


Io” 


sonic Cleaning Uneconomical?”, or 
a Single Material-Specification System 


“Chi 


Established?” 


“Trend” articles. If a company is 
factor in any industry and the 
originator of new ideas in fields 
engineering, manufacturing, or 
company representatives can 
reviews of past accomplish 


thoritative forecasts of future develop 


ment 


. Problem-solution articles. Solvin; 
esting electrical or mechanical pr 


be helpful to readers in many 


Interesting manufacturing techniques 
pered by sound business 

ticle of this type can 

ress, and implies the 


the pri ducts. 


] 


. Research, test, and 


expensively 


} ! 
interested audience 





Setting Up an Articles Committee 


The Jet Engine and Production Engine 
Departments of General Electric, Evendale, 
Ohio, organized a joint Signed Articles and 
Speakers Committee. Their planning steps 
offer a guide to setting up a similar opera- 
tion in any organization... 


Formation of Committee: First, objectives 
were set forth for the proposed committee: 


1. Increase the amount and quality of pub- 
lished material in the business, trade, and 
technical press, and at professional-society 
meetings, by a plan for signed articles and 
speeches. 

2. Evaluate article and speech subjects to se- 
lect those of greatest benefit to management 
and marketing objectives and to suggest 

most qualified authors. 


Establish the department managers and spe- 


cialists as recognized authorities in their 


technical and professional fields through 


planned signed articles and speeches. 


A letter was then sent by the Promotion 
and Publicity Subsection of Marketing to 
general managers, who sent letters to their 
section managers to acquaint them with the 
plans, urge them to co-operate, and asking 
them to appoint a section representative. At 
the first meeting of the Committee, the gen- 
eral managers gave their oral endorsement 


of the program. A Communications Cam- 
paign was planned. This was publicized in- 
ternally by an article placed in the plant 
newspaper and the word was spread by 
section representatives through staff meet- 
ings, letters, and personal contact. 


Functions of Committee: The chairman 
was chosen from the Promotion and Pub- 
licity Subsection of Marketing. This was a 
logical choice, because Promotion and Pub- 
licity services both departments for other 
promotional activities. Specific duties of the 
chairman include: 1. Conducting committee 
meetings. 2. Encouraging and assisting in 
preparation of articles for national maga- 
zines, speeches for trade associations, and 
papers for technical societies. 3. Working on 
outlines with the authors. 4. Obtaining com- 
pany approval on article and speech ma- 
terial, publicizing results of the committee’s 
work, and preparing reports. 

Committee Members consist of one man 
from each section, such as engineering, man- 
ufacturing, and marketing. Each man is re- 
sponsible for helping to find potential au- 
thors and speakers, assisting them in prepa- 
ration of material, and giving them infor- 
mation on procedures to follow. Committee 
members attend quarterly meetings, al- 
though when the committee was getting 
started, meetings were more frequent. 


who can continually demonstrate the advantages to 
be gained from writing to the men reporting to 
him. But, rather than always being the writer, the 
alert manager will constantly seek opportunities to 
give his men the chance tu write. This, of course, 
is one of the basic principles of management by 
persuasion, rather than command. Although the 
manager may suggest certain subject areas and 
convince an engineer to write in those areas, the 
engineer must write because he wants to. 


Writing Should Be Part of the Job: Managers in 
many General Electric engineering sections look 
upon writing as an integral part of an engineer’s 
job. Frequently, this concept is included in the en- 
gineer’s “Position Guide” or “Job Description.” 
Writing should be a definite factor in management's 
appraisal of an engineer’s performance on the job. 
Then, the engineer can expect to find his writing 
performance reflected in his rating—and ultimately 
in his pay schedule. 


Quota Systems Are Useful: Although some engi- 
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neering managers frown upon establishment of a 
quota system to determine number of articles ex- 
pected per year from an engineering section, others 
use it successfully. One manager reports that the 
quota method “. . . has more power than any other 
I know of because it is a reasonably easy method 
of expediting and controlling the results.” How- 
ever, he has never established a quota for individual 
engineers; the quota is set by product lines. Differ- 
ent product lines justify different numbers of articles 
per year, depending on either the newness of the 
product or rate of changes in technology. 


Participation in Technical Societies: It is surpris- 
ing the amount of inducement to write articles 
that can be focused on an engineer by his profes- 
sional contacts in technical societies. One engineer- 
ing manager in Schenectady said, “Our application 
engineers in the paper industry belong to the Tech- 
nical Association of the Pulp and Paper Industries. 
They are expected to belong to this association. 
To keep up with their work, they attend meetings 
and serve on various committees of this association. 


MACHINE DESIGN 





Procedures for Submitting Articles: A defi- 
nite procedure was established for handling 
the article from conception to finish. 


1 ; : 
1. Author discusses outline with committee 


member and/or chairman. 


2. Author writes outline and submits 
copies to chairman—sometimes via 


mittee member. 


. Chairman checks outline. If satisfactory, he 
sends two copies to News Bureau and re 
tains one in his files. 


° New S 


consideration the author and 


Bureau representative, taking into 
chairman’s 
recommendations, submits outline to a 
magazine for acceptance. If necessary, three 
magazines are approached. If the third also 
rejects the outline, the project ends. Very 
few are refused, however, and usually the 


first magazine accepts. 


After acceptance, chairman requests author 


to complete article in six weeks—unless 


magazine gives another deadline. 


Five copies of completed article and photo- 
graphs—ten copies if a Washington security 
review is necessary—are sent to the chair 


man. 


Article is reviewed by legal and patent se 
tions, author’s supervisor, and by Promotion 
and Publicity unit. If changes are necessary, 
the article is retyped and resubmitted to the 
chairman. 


By circumstances, they are almost forced to write 
and deliver papers before these associations. And, 
they consider it an honor to do so.” 


Establishment of an Articles Committee: Com- 
posed of representatives from engineering, manufac- 
turing, and marketing, such a committee has proved 
valuable in many of our departments. For operat- 
ing efficiency, a man with some management rank, 
or with a degree of authority delegated to him by 
a manager, should head the committee. Remainder 
of the group consists of six or eight men, depending 
on the size of the operating department. 

Members of the committee must be reasonably 
familiar with the essence of a technical article, its 
value to the company, necessity of meeting deadlines, 
integrity of editors, and a knowledge of the tech- 
niques of getting an article published. 


Easing the Author’s Work: A central source for 
services should be provided, where engineers can 
get writing guides for specific magazines, profes- 
sional help in preparing photographs and art work, 
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aware of openings for speakers 


tential topics and speakers are 


WRITING PROGRAM FOR ENGINEERS 


oples of article and photos 
T atari 
News Bureau representative 


materia nagazine 


Procedures For Submitting Speeches and 
Papers: Basically, this is similar to the pro- 
cedure for handling articles. 


ally, when Promotion and 


I or papers at 


1 


trade ass ( or technical societies, po 


solicited 


[This information is sent to 


f rr act eptanc e 


After acceptance Of an idea, an abstract or 


outline is normally necessary by a specified 


Speaker submits abstract 
' * ] + + 
orwards i motion and 


unit for review 


! 
proval 


supervisor, 


assistance in obtaining approvals for articles, and 
any other guidance that will make his writing task 
easier. At first, an engineer may feel unfamiliar 
with the problems in writing. But, when offered 
guidance and assistance by someone in whom he 
has confidence as a capable specialist in the writing 
field, he learns to approach the writing assignment 
without reluctance. 

The best approach for selling a story 
zine is to present the editors with an outline 
is far superior to putting together a finishec 
and then hoping the editors will buy it. 
line is valuable to the writer because it: 


organizing a logical sequence for the material. 
Whets his 
assignment. 4. Facilitates placing the finished arti 


sures completeness. 3 interest in the 
cle. 5. Removes doubt as to the article’s acceptance 
A frequent question is, “What shall I write about? 
The Articles Committee must have suggestions ready 

Typing, drafting, photographic, and editorial serv 
ices will be of great value to the author many times 
between initial conception of article and its pub 
lication. A central service group can help engineers 
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to become authors by: 


1. Scheduling the article far enough in advance to give 
plenty of preparation time 


. Establishing a reminder system that will alert him 
periodically 

3. Reviewing the article with him from the standpoint 
of requirements and practices of the specific magazine 


. Planning, if possible, a conference between author and 
a member of magazine’s editorial staff 


Review of articles by legal counsel is important. 
There are complicated legal problems connected 
with statements concerning patents, mention of in- 
dividuals or companies, competition, security, and 
labor practices. 

Members of the company’s news bureau or public- 
relations staff are familiar with many technical 
magazines. They can tell which magazines carry 
the prestige in specific fields, they know which 
magazines pay—and the few that don’t—and how 
much they pay. Members of the news bureau can 
also be helpful in arranging conferences between 
authors and editors of various publications. 


Making Use of the Results: Reprints of signed 
articles appearing in magazines cost little. A supply 
should be on hand for authors to send to their 


Tips and Techniques 


professional associates, within and outside the com- 
pany. The marketing organization will often regard 
article reprints as valuable sales-promotion tools 
for distribution to key customers. 

Many signed articles generate inquiries. These 
should be referred directly to the author. This will 


give him added recognition of the value of his work 
and give him the opportunity to become known by 
other authorities in his field. 

The article can be merchandised further by hav- 
ing a news release sent to the employee newspaper 
and to newspapers in the author’s community, stat- 
ing that engineer John Doe had an article published 
in a certain magazine. This publicity gives him ad- 
ditional prestige in the eyes of his professional as- 
sociates, others in the company, friends in his com- 
munity, and his family. 





Fractional Exponential Equations 


An easy-to-remember method of solving fractional 
exponential equations, of the form x = n*, where n 
and u are fractions, makes use of logarithms. 

Express the righthand member of the equation as 
the reciprocal of n and apply a negative sign to the 
exponent. 


Take the log of both sides of the equation. 


l 
log x > u( log —— ) 


n 


Convert the righthand member to standard form, 
with positive characteristic and mantissa, by adding 
and subtracting 10 to the value of the righthand 


member. 
vee 
Look up the antilog in log tables. 
For example, find the value of x for x = 0.500°-275. 
This equation can be expressed as x = (1/4)°?75 or 
2—°275. Taking the log of both sides of the 


a 
log x = | = ( u log 


x= & 


equation gives, log x =(—0.275) (log 2.000) = 
—0.275 (0.30103) = -—0.08278. 

By adding and subtracting 10 from the right side 
of the equation, log x = (10 —0.08278) —10 = 
9.91722 — 10. 

Looking up the antilog yields x = 0.82644.— 
Freperic T. CuurcHILt, designer, Ford Motor Co., 
Livonia, Mich. 


Area and Volume of Polygonal Shapes 


Here are two formulas which can be used in the 
solution of regular polygonal shapes. 

Area of Regular Polygon: When the number of 
sides N and the length of one side S are known, the 
area is given by 


NS* ( 90(N — 2) ) 
tan “or 
N , 


Volume of Regular Frustrum: The volume can 
be obtained from 


90(N — 2) a 
V = —tan | ———_—_- S(S t+ s) + s* 
12 N 


where h = height; N = number of sides; and s and 
S = lengths of top and bottom sides.—J. J. Mituican, 
Toledo, Ohio. 
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scanning the field for ideas 























Stopping teeth on one member of a ratchet-and-pawl mechanism pre- 
vent overtravel of ratchet during indexing and assure accurate stepping 
action without backlash. In a design for a stepping switch, rotation of the 
ratchet is caused by oscillation of an input member, upon which the pawl is 
mounted. The end of the input member has teeth which engage the 
teeth on the ratchet to lock it against rotation. 

Indexing is accomplished by moving the input member, carrying the 
locking teeth and the pawl away from the ratchet and then back. On 
the return stroke, the pawl advances the ratchet one space, just before 








the locking teeth engage the ratchet to prevent overtravel. The design 





was developed by Automatic Electric Co. 








Ratchet 


Locking teeth “Input member 
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Fast —motion slide 


Slow-motion rack 





Output slide 


Moving pinion 


Fast-—motion 
cam 


Position 














Fast— Motion Stroke Completed 




















Slow Motion Stroke Completed 














Compound-motion 
mechanism utilizes moving 
pinion in a dual-rack as- 
sembly to combine action of 
two independent cam-and- 
follower systems. Two face- 
track cams are mounted on 
a common shaft. The fast- 
motion-cam follower is 
mounted in the end of a 
slide that carries a pinion. 
The slow-motion-cam _fol- 
lower is mounted on a link- 
age that drives a sliding 
rack which engages the top 
of the pinion. The bottom 
of the pinion engages a 
rack on an output slide. 
During the fast-motion por- 
tion of the cycle, the slow- 
motion cam is on dwell and 
its sliding rack is station- 
ary. Rotation of the fast- 
motion cam forces its slide 
to roll the pinion past the 
rack of the other cam. The 
resultant of the linear-ro- 
tary pinion movement is 
transmitted to the output 
slide with a 2:1 multipli- 
cation. 

At the end of this move- 
ment, the fast-motion cam 
dwells and the slow-mo- 
tion cam, through the link- 
age, causes its sliding rack 
to move. This movement 
is transmitted through the 
pinion to the output slide 
on a 1:1 ratio. 

At the end of the slow- 
motion advance, both cam 
followers drop back to rest 
at the same time, impart- 
ing a high-velocity motion 
to the output slide. The 
design is employed in the 
end-tool actuating mechan- 
ism of a Warner & Swasey 
Co. multiple-spindle auto- 
matic. 
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Need ultrahigh strength? 


Working at low temperatures? 


Using large sections? 


Requirements for exceptional service properties in an alloy 
steel can give designers and metallurgists headaches. 
“Cookbook” selection procedures are not possible, and each 
case must be handled individually. One logical approach 
is to start at metallurgical fundamentals—microstructure. 
hardenability, and alloy composition—and select a 


steel and heat treatment procedure tailored to the job. 


Following the routes described in this article, the engineer 


and metallurgist must work together to develop 


Performance Steels 


By EDWARD A. LORIA 


. taff Me 


rucible 


Pittsbural 


ICROSTRUCTURE is the major factor gov- 
[ erning the properties of steel. If the designer 


knows the mechanical properties required of a 


steel, the first consideration is the choice of a suitable 
Tem- 
pered martensite, bainite, and pearlite are the three 
basic structures in alloy steels. Quantitative rela- 
tionships between these microstructures and proper- 
ties are being developed. 
steel of a 


microstructure to achieve these requirements. 


Such studies show that 
certain carbon content and of a certain 
microstructure will produce certain desired properties 
that can be correlated with service performance. 

Optimum properties are obtained by using a steel 
of sufficient hardenability to assure that it will be 
fully hardened on the quench, then subsequently 
tempering the steel to obtain the strength level 
required for a particular application. Tempered 
martensite would be the ideal structure, for it repre- 
sents the best combination of strength and toughness, 
as shown in Fig. 1, which compares tensile and 
impact properties of an alloy steel when heat treated 
to a particular microstructure. 

Tensile strength of ductile steels is primarily a 
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Gis 


function of carbon content and, therefore, a tunct 


Gin : ; : 
This fact is well established for a rang 


of hardness. 
extending to a hardness of Rockwell C 42 and a 
strength of 200,000 psi. At higher strength levels, 
this relation is linear, as shown by the data for 
4340 steel heat treated to 240,000 to 300,000 psi 
Fig. 2. In this new critical area the proper analysis 
must be selected to provide adequate ductility 


This can only be done if the 


when 
the steel is so hard. 


composition lends itself to a tempering treatment 


which conditions the martensite properly 

Which Microstructure?: Properties of steels with 
bainitic or pearlitic microstructures (with the excep- 
tion of fine bainite formed at temperatures near the 
martensite transformation) are inferior to those of 
tempered martensite steels. The bainites, as a class, 
are both harder and tougher than the pearlites 
There are, however, wide variations in properties 
within each type. Lower or fine bainite is much 
harder and tougher than upper or coarse bainite, 
Fig. 3, and has a lower transition temperature 

Fine pearlite is markedly stronger and, at the same 








Fig. 1—How Microstructure 


One outstanding advantage of steel as an engineering 
material is the ease with which its properties can be con- 
trolled or changed by heat treatment. These properties are 
primarily controlled by two constituents of steel—iron 
(ferrite), and iron carbide (cementite)—and their amounts 
and distribution. The resulting microstructure is de- 
scribed as austenite, pearlite, bainite, or martensite. 

Objective of heat treatment is to achieve a combination 
of high strength and toughness by transforming the steel 
into a desirable microstructure of tempered martensite or 
lower bainite. Alloying elements help control this micro- 
structure. Hardenability tests, like the Jominy end-quench 
test, help tell how deep a piece can be hardened, or the 
size piece which can be through-hardened under given 
cooling conditions. 

ome. Yid Str Ten Str 

Properties are for a 0.25 C, 2.0 Cr, 0.5 Mo steel as reported by (ps!) (psi) 
Heger, Hodge, and Marshall (Ref. 1). Ductility-transition tem- 
perature was determined at the middle of the data-scatter band Coarse 


from keyhole-notched Charpy impact specimens tested at an Fine 
energy level of 10 to 15 ft-lb 


Pearlite 


Pearlite with proeutectoid ferrite 





Elong Red Area Trans Temp 
(% in 1”) (%) (F) 





46,900 
57,500 


68,700 34.0 68.5 +28 
92,500 27.0 71.5 —30 





When a plain carbon steel of about 0.80 per cent carbon 
(eutectoid percentage) is cooled slowly from the temperature 
at which austenite is formed, all of the ferrite and cementite 
precipitate together in a characteristic pearlite structure. At 
carbon contents below 0.80 per cent, excess ferrite separates 
out at the grain boundaries. This structure is known as 
hypoeutectoid or proeutectoid ferrite. 

With more rapid cooling, this transformation to pearlite 
does not occur until a lower temperature is reached. The 
faster the cooling rate, the lower the temperature at which 
transformation occurs. The ferrite-carbide structure formed 
varies markedly with the temperature of transformation, and 
properties are found to vary correspondingly. Lamellar (plate- 
like) pearlite is found from 1300 to 1000 F. The thin “plates” 
become finer, and hardness increases as the transformation 
temperature goes down. 


Austenite 


When a piece of steel is heated above the critical tem- 
perature (1300 F), the ferrite and cementite react with one 
another to form austenite. Austenite is not ordinarily 
present in steel after it has been cooled. But coarseness 
of the ferrite and pearlite in the cooled steel reflects grain 
size of the austenite prior to its transformation, and the 
properties of the product are profoundly influenced by its 
grain size. 





time, more ductile and less notch-sensitive than 
coarse pearlite. However, in hypoeutectoid steels, 
this general relationship can be modified by the pres- 
ence of proeutectoid ferrite. Ferrite grain size is 
an important factor in notch toughness, and amount 
and form of ferrite will also change with alloy con- 
tent and cooling rate. These factors must be 
reckoned with, particularly in the lower carbon 
steels. They also complicate the effort to arrive at 
a simple correlation between microstructure and 
mechanical properties. 

Behavior of steels at low temperatures is very 
dependent upon microstructure. Here again, on 
the basis of tensile testing, the tempered marten- 
site steels are superior to the pearlitic steels. Pearlitic 
or temper-brittle steels break brittlely in the tensile 
test at low temperatures, whereas tempered marten- 
sitic steels of moderate yield do not break brittlely 
even at very low temperatures. Variation in reduc- 
tion of area (as a measure of the strain to frac- 
ture) is illustrated in Fig. 4 for both pearlitic and 
tempered martensitic structures in a typical steel. 
In martensitic steels, the strain to fracture de- 
creases only gradually as testing or service tem- 
perature decreases. 


112 


Using Hardenability Data: Microstructure of steel 
is controlled by the hardenability under a given set 
of cooling conditions, so the designer must know 
that the steel will have a suitable hardenability in 
terms of desired microstructure. He can determine 
this factor by measuring it in terms of the cooling 
rate, or some indirect expression of the cooling 
rate, such as ideal diameter, at which the desired 
microstructure is obtained. In other words, the 
martensitic, bainitic, or pearlitic hardenability of a 
steel can be determined by making a Jominy end- 
quench test. This test is simple to make, and its 
results are direct and interpretable (up to 4 in. 
diam bars). 

Slack-quenched structures have inferior notch 
properties compared to tempered martensitic struc- 
tures at comparable strength levels. For this rea- 
son, only deep-hardening steels are normally used 
for high-strength applications to assure a fully 
martensitic structure. Recently, however, it has been 
shown that 4340 transformed to lower bainite can 
have notch properties superior to those obtained 
in tempered martensitic structures, Fig. 5. Such 
bainitic structures, however, will not attain the 
highest desired strength levels obtainable for tem- 
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Affects Steel Properties 


Lower bainite Upper bainite 


Martensite 


Untempered martensite 








Elong Red Area Trans Temp 
(% in 1”) (%) (F) 


Yid Str Ten Str 
(psi) (psi) 


Yid Str Ten Str Red Area Trans Temp 
(psi) (psi) % - (9%) (F) 





+ 50 


160,700 15.5 7 
8. 185 


135,600 17.0 


136,300 
115,900 


Upper 


6 
Lower 6 





Transformation to bainite occurs over the range from 100 


to 450 F. Bainite microstructures are needle-like (acicular). 


Again, hardness increases as the transformation temperature 


decreases and the bainite structure becomes finer. Hence, up- 
per or coarse bainite formed at the higher temperatures can be 
contrasted with lower or finer bainite formed at the lower 


temperatures. 


Tempered, 

1100 F 130,700 
Tempered, 

1200 F 96,200 


148,800 225 


110,200 





With even more rapid cooling (quenching), the austenite 
can be transformed directly to martensite at temperatures below 
450 F. Martensite is the hardest and most brittle micro- 
structure until tempered, and percentage formed depends only 
on the temperature to which the steel is cooled. Its structure 


is also acicular, but generally finer than that of bainite. On 


tempering martensite, a 
strength level is obtained. 


relatively high toughness at any 


Because of its high ductility at a 


given hardness, a martensitic structure is aimed for in heat 
treating for toughness by quenching and tempering. 





pered martensite. Taking all of the data into con- 
sideration, the designer can conclude that bainites 
are less harmful than pearlitic structures and that 
even 10 per cent bainite has generally only a very 


Table 1—Jominy Test Hardness 
versus Section Thickness* 





Position on Jominy Curve Used 
Maximum Thickness to Assign Hardness Value 
(in.) (in.) 





Up to % 1/16 
to 1 2/16 
1 to 1% ‘ ‘ 3/16 


1% to 2 


*4340 steel 


moderate effect on the properties of tempered marten- 
site. Therefore, he can confidently use a 90 per 
cent rather than a 100 per cent martensitic structure. 

Often a full martensitic structure cannot be at- 
tained in quenching because of the large section 
size involved or because of added cost for the ap- 
preciable alloy content required. Furthermore, 
transformation to martensite in such large sections 
would set up high stresses that would make this 


September 4, 1958 


heat treatment impractical. Therefore, the size 
limitation in obtaining martensite must be rec 
ognized, and a composite microstructure accepted. 
The position on the Jominy hardenability curve 
used to determine the hardness of the ‘‘as-quenched” 
steel depends on the size of the piece. An ex- 
ample of this very useful measurement for design 
is shown for 4340 steel in Table 1. 

In essence, the Jominy test allows one 
a steel with proper hardenability characteristics 
give adequate mechanical properties in 
size conforming to the end use. The practical 
value of hardenability data to the designer is that 
it will reveal if slack-quenched structures (which 
produce lower yield strength on tempering) will 
occur in heavier sections These effects of section 
size are most pronounced in the as-quenched and 
other very hard conditions. As the tempering 
temperature is deviations of the prop- 
erties of slack-quenched those of 
tempered martensite become smaller 


to select 


1 : 
tne section 


increased, 


material from 


Choosing the Right Alloy: Once the harden- 
ability requirements are established, the next step 
is to choose the alloy content which will furnish 
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this hardenability. It is now well established that 
alloy steels have similar room-temperature prop- 
erties when quenched and tempered to a particular 
strength level provided the quench is drastic enough 
to produce full hardening. Steels of 0.30 to 0.50 
per cent carbon content which are heat treated to 
fully martensitic structures, and subsequently tem- 
pered to a particular strength level, have almost 
identical mechanical properties regardless of the 
combination of alloying elements used to provide 
the necessary hardenability. 

Knowledge of the effects of alloying elements on 
bainite or pearlite hardenability is, unfortunately, 
much more meager than on martensitic harden- 
ability. Here, proper steel selection must be made 
on an individual basis, without the choice of several 
steels that provide martensitic hardenability in the 
smaller section sizes. Bainitic or pearlitic harden- 
ability is the criterion for selection of a steel for use 
in heavy sections, and the steel should be selected in 
terms of the cooling rate for transformation to 
fine bainite (or pearlite). Such structures are gen- 
erally preferred and are very commonly used in 
heavy forgings where relatively high strengths are 
required, and for which the alloy requirement 
to obtain tempered martensite would be excessive 


Tensile Strength (1000psi) 


@ Lockheed 


because of size. 
VW Menasco 


The steel composition must transform to banite 
without prior transformation to pearlite and, if 
possible, with minimum ferrite precipitation. Steels 
with a bainitic microstructure are, as a class, both 
stronger and tougher than pearlitic steels. In 
both cases, precipitation of ferrite which produces 
52 54 a mixed structure should be avoided. Avoiding 











ferrite under these circumstances is a most dif- 
f R it C) f . . . . 
Hardness (Rockwell C) ficult problem. Again, the Jominy test is of con- 
siderable value because it reveals not only the 
Fig. 2—Relation between tensile strength and hardness for depth back of the surface to which pure martensite 
{340 steel, heat treated to very high strength levels : f haini ; 
extends but also the presence of bainite and 
pearlite beyond this depth. 





- Tempered 
lartensite 





Fig. 3 — Impact 
strength, transition 
temperatures, and frac- 
ture appearance for 
martensite, coarse 
bainite, and fine bain- 
ite. (Cr-Mo-V forging 
steel, Rockwell C 32, 
Ref. 2) 


“Coarse bainite 


i 


Energy Absorbed (ft-!b) 


—— Energy absorbed 
—-—- Fracture appearance 


Fracture Appearance (per cent ductile) 








A 


100 





Testing Temperature (F) 
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Effects of Carbon Content: Carbon content is 
particularly significant in determining design prop- 
erties and is a major factor in heat treating to 
high strength values. In small sections fully 
quenched to martensite, the hardness of steel is 
determined by carbon content, and the alloy content 
is of little significance. However, the principal 
function of alloying elements is to increase harden- 
ability, and addition of most alloying elements also 
results in more strength and hardness at a given 
tempering temperature. Once more, the Jominy 
test is most useful in evaluating steels, and similarity 
of Jominy curves proves to be an adequate criterion 
of ability to substitute, regardless of chemical com- 
position of the metal. 

Since weldability, formability, and machinability 
are important properties favored by low carbon 
content, an alloy steel should contain the lowest 
carbon content at which desired strength can be 
obtained with a suitable heat treatment. Further- 
more, for maximum notch toughness and ductility, 
the carbon content should be no higher than neces- 
sary to produce the required strength level. The 
cooling rate to be used in heat treatment will be 
established by hardenability of the steel. If the 
heat treatment includes a tempering treatment, 
optimum properties can be obtained by tempering 
at the temperature corresponding to the peak in the 
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impact versus tempering temperature curve 

Avoiding Temper Embrittlement: ‘Tempering at 
the peak of the impact curve avoids the embrittle- 
ment that occurs in most alloy steels when tempered 
in the 500 to 700 F range. This embrittlement 
range has been raised by increasing the silicon 
content or by using hot-work type steels that can 
be tempered at higher temperatures and still achieve 
the same strength level. Temper embrittlement 
is another behavior that occurs in many alloy steels 
on holding for long times in the tempering range 
of 850 to 1200 F, or on slow cooling through this 
range from tempering. Molybdenum and tungsten 
are known to inhibit this transformation, whereas 
high chromium, manganese, and phosphorus are 
likely to increase its occurrence. These temper-em- 
brittlement phenomena must be with 
other factors deemed most important. 


reconciled 
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Pearlitic Steel 
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Red. of Area 








Tempered Martensite Steel 
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Fig. 4—Effect of temperature on 
tensile properties of pearlitic and 
tempered martensite steels (Ref. 3) 
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ELECTRONIC 
CHASSIS 
DESIGN 


By FRANK WILLIAM WOOD JR. 


Design Engineer 
Vitro Laboratories 
Silver Spring, Md 


Chassis design problems center around 
laying out the components and selecting 
the right chassis shapes, materials, 
and finishes. Heat-producing parts as 
well as heat and radiation-sensitive 
devices complicate the picture. 

In addition, designing for 
appearance, maintenance, and lowest 
possible cost cannot be overlooked. 
Guideposts for solving these 

chassis design and selection problems 
are given in this article 


EFORE starting actual layout of an electronic 
chassis, the designer should have the follow- 


ing information: 


schematic diagran 

Detailed parts list of all electrical and electronic 
components with their values and manufacturer. 
Outline drawings of all components with dimensions. 
If not available, actual components can be used for 
layout purposes. 

General shape of the chassis. 


Location and orientation of chassis in equipment. 


Also, before the layout is begun, it is sometimes 
helpful to use paper cutouts of the components 
which can be moved around within the chassis area 
outlined on the drawing board. These cutouts can 
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be very helpful in quickly determining the most 
likely component arrangement and, at the same time, 
spacing between the components can be obtained. 


> Component Layout 


The arrangement of the individual components 
on the chassis, such as shown in Fig. 1, depends on 
many design factors, including: 


1. Heat dissipation. 

2. Circuit requirements and types of circuits—power 
supply, receiver, transmitter, etc. 

3. Frequency range—low frequency, high frequency, vhf, 
uhf, etc. 
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~ on 
rectifiers 


Open-corner construction 


Fig. 1—In-line tube 
layout is applied in 
high-wattage pow- 
er-supply chassis 
which is mounted 
on its side in 
equipment. This 
chassis _ dissipates 
500 w of power. 
Chassis serves as 
heat sink for sili- 
con rectifiers. 
Open-corner chassis 
construction mini- 
mizes layout and 
fabrication _prob- 
lems. Test points 
and adjustment 
controls are highly 
accessible 


4. Maintainability. 
5. 


Interreaction between components. 
6. Ease of assembly. 
A typical in-line layout is shown in Fig 

In general, the best chassis design is one that regulated power-supply chassis 
utilizes a symmetrical layout. In short, a maximum The tendency in chassis design today 
number of holes and cutouts should be laid out miniaturization, which is highly desirable in 
along a common center line, Fig. 2a rather than craft and shipboard equipment, overshadow 
placing them in a random arrangement, Fig. 2b, problems that arise from reduced size, such 
if at all possible. The symmetrical layout offers inadequate cooling and spacing of components 
several advantages: Also another common design approach which 
1. Saves drafting and checking time and results in fewer should be avoided is that of placing a short tube 

errors hasten there are fewer dimensions. or component between two or more taller com po- 
2. Reduces layout time and errors in fabrication. nents allowing insufficient hand room to remove the 
3. Adapts more readily to automatic punching machines. smaller component without first removing the taller 


4. Simplifies stencil for part marking. ones. If possible, all components should be mounted 
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Fig. 2—Electronic chassis layout is simplified 
by using a minimum of common center lines, 
4, @s compared to a random arrangement, b 


Fig. 3—"Cast-frame” chassis with removable top and 
cover plates. Spring fingers on tube retain- 

ers dissipate heat from tubes to chassis cover plate 
Photo, courtesy Lei Inc. 


y Chassis cover plate (not shown) 











Z§pring fingers 
on tube retainers 


4 oy 


_. 


"\stondors "cast frome” 





Boffle plate 


Air flow f 


Fig. 4—Chassis baffle plate produces a chim- 
ney cooling effect over surface of tube 


to allow replacement with minimum handling of 
other components. 


> Location of Hot Components 


Special attention should be given to the location 
of high heat-dissipating components, such as, high- 
current tubes and high-wattage resistors. It is im- 
portant to protect the component itself and not 
allow it to go beyond its allowable rating. Also 
adjacent heat-sensitive components, such as capa- 
citors, transistors, crystal diodes, etc., should be 
protected. 

It is necessary to hold tube envelope temperatures 
to some predetermined level to obtain the desired 
tube life and performance. This can be accom- 
plished in several ways. 

1. Locate tubes on the chassis for maximum air circula- 
tion. For example, moving tubes from a circulation- 
blocked enclosure to the outer edge of the chassis is 
often helpful. 

. Use correct tube shields and liners to dissipate heat 
back through the chassis by conduction, Fig. 3. 

3. Use “chimney cooling” technique, Fig. 4. 

There was quite a heat-dissipation problem with 
the power-supply chassis assembly in Fig. 1 because 
of the design compactness required and high wat- 
tage involved. Another design challenge in this 
unit was to hold the silicon rectifiers at the lowest 
possible temperature for maximum efficiency. The 
design shown was decided upon after determining 
that the chassis would be mounted in the final con- 





Checklist for Electronic Chassis Design 





1. Factors Affecting Type and Style 
a. Quantity involved. 
b. Availability of standard chassis 
c. Time schedule. 
d. Available fabricating facilities 
e. Size. 
f. Strength required. 
g. Special configuration required. 
h. Special material required. 





2. Design Suggestions 

a. Specify bend radii large enough to prevent break- 
ing material. 

b. Choose finishes best suited for chassis material 
used. 

c. Make sure chassis is stiff enough to properly 
support transformers and other heavy com- 
ponents. 

d. Allow sufficient space between corner radii and 
component mounting screws. 

e. Use standard hole shapes wherever possible. 

f. Leave sufficient room for wires and cables. 

g. Allow maximum tolerances on hole sizes and 
locations. 

h. Allow sufficient room for marking component 
reference designations. 

i. Locate individual components for easy removal. 
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Basic Chassis Shapes and Designs 





Formed “hat” chassis. Design is 
inexpensive and requires only a 
brake to form, but is not 
shielded. 


<< plate 


Cast-base chassis. Constructed 
with a removable cover plate, 
the design offers a_ strong 
shielded enclosure which is easy 
to maintain. Cost is high in 
small quantities, and weight 
may be prohibitive in some 
cases. 


Mating - construction chassis. 
Commercially available in a 
number of styles, this design 
provides excellent accessibility. 
However, all feed-through com- 
ponents must be placed on stand- 
offs or brackets. 





Two-piece sliding chassis. Com- 
mercially available in a number 
of sizes, this design is also high- 
ly accessible. Here, too, ail feed- 
through components must be 
placed on standoffs or brackets. 


L-chassis. Design advantages 
are simplicity and cost savings, 
although little protection is of- 
fered to electronic components. 


Box chassis with hinged lid. 
Quick accessibility to components 
inside is major design ad- 
vantage. Enclosure provides good 
shielding. The hinge adds to 
cost. 





Box chassis with removable top 
and bottom. Design provides ex- 
cellent accessibility from top or 
bottom and can be purchased 
from commercial stock in various 
sizes, 
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Flat chassis with stiffener flanges. 
This construction is lightweight, 
low in cost, and allows use of 
modular design in final packag- 
ing. Although chassis is easy 
to form, it requires the use of 


a shear, nibbler, and brake. 





Lorge power transformer,etc. 


Combination mounting bracket 
and chassis. The flanged dual- 
purpose design can be employed 
for mounting large components. 








Table 1—Typical Electronic Chassis Materials and Finishes 





Chassis 


Material Finish 


Process Description 


Characteristics 





Aluminum Alodine 


or brush. 


Chemical conversion coating 
applied by immersion, spray, 


Good corrosion resistance. Offers good paint 
adherence. Low electrical resistance. Can be 
used on aluminum assemblies containing dis- 
similar metal inserts. Scratch in coating can 
be easily repaired by brush method. Meets 
military specification MIL-C-5541. 





Anodize, chromic 
acid 


Aluminum 


Electrolytic oxide coating. 


Good corrosion resistance. Offers good paint 
adherence. Average thickness is 0.00005 in. 
High electrical resistance. Coating must be 
removed in areas where good electrical con- 
tact is desired. Meets military specification 
MIL-A-8625A, Type 1. 





Aluminum Anodize, sulfuric 


acid 


Electrolytic oxide coating. 


Good corrosion resistance. Offers good paint 
adherence. Cannot be used on assemblies. 
Thickness is 0.0001 to 0.001 in. High elec- 
trical resistance coating must be removed in 
areas where good electrical contact is desired. 
Meets military specification MIL-A-8625A, 
Type 2. 





Aluminum Iridite 


or brush. 


Chemical conversion coating 
applied by immersion, spray 
Immersion 
30 sec to 5 min depending on 
thickness and color desired. 


Corrosion resistance increases with immersion 
time. Good paint adherence. Low electric 
time resistance. Meets military specification MIL- 
C-5541. Coating thickness is 0.00002 in. No 
special equipment required. 





Cadmium- Iridite 
plated 


steel 


Immersion time 10 to 20 sec 


Good corrosion resistance. Good solderability. 
Tarnish resistance. 





Zinc- Iridite 


plated 


steel 


Immersion time 10 to 20 sec 


Good corrosion resistance. Tarnish resist- 


ance. 





Aluminum Wrinkle enamel 


bake. 





Spray or brush. Air dry or 


Covers surface defects. Mar resistant. 








sole with the tubes in a horizontal plane directly in 
line with air flow from a blower. The silicon recti- 
fiers were mounted on the lower flange to keep 
them below the heat from the tubes. Obviously, an 
electronic chassis must be designed with the loca- 
tion in the equipment known. 


> Chassis Materials and Finishes 


Selection of chassis materials and finishes largely 
depends on the application. Typical finishes for 
materials used in electronic chassis are given in 
Table 1. 

Three large application areas for electronic chassis 
are commercial television and radio, commercial 
test equipment, and military equipment. 

Television and radio equipment designers must 
design a chassis that is quite economical and is 
suitable for mass production. This group is not 
too interested in appearance because in general the 
public only sees the covering cabinet. 

Test-instrument designers also must definitely 
have economy in mind. However, in this group 


120 


the equipment will be under the critical eyes of en- 
gineers using the equipment. These designers must 
arrive at a definite stopping point in cost savings 
to prevent producing a cheap looking instrument. 

Military equipment is in a field all its own. Here 
there have been definite standards set up for both 
the materials and the finishes which must be fol- 
lowed in military-equipment design. A tabulation 
of military specifications applicable to electronic 
chassis design are presented in Table 2. 


> Design for Maintenance 


No electronic equipment has yet been designed 
that does not require maintenance at one time or 
another. Through careful chassis packaging, equip- 
ment can be designed for easy maintenance, Fig. 5. 
Here the entire chassis assembly is fabricated as a 
plug-in drawer with all leads terminating in a con- 
nector at the rear of the chassis. Should trouble 
develop in a unit of this design, the entire drawer- 
chassis is removed from the console and a “jumper 
cable” is connected from the console to the drawer. 
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Table 2—Military Specifications Applicable 


To Electronic Chassis Design and Assembly 





Item Subject 


Chassis 


Military Spec. 











Material selection MIL-E-19100 3.5.11.1 
and specification 








Chassis Finish MIL-E-19100 3.5.13 


MIL-E-19100 3.6.3 





Chassis MIL-E-19100 3.13.4 


through 3.13.4.4 


Marking 
















MIL-E-19100 3.3.14.3 





Connectors Selection and 
Terminal boards mounting 
Tube sockets 





Mounting of parts MIL-E-19100 3.3.50 
with pigtail leads MIL-E-19100 3.3.50.1 
MIL-E-19100 3.3.50.2 


Resistors and 
capacitors 





Clamps and 
retainers 


Securing of plug- MIL-E-19100 3.' 
in components MIL-E-191003.' 


W WwW 


46 
13 





General design Location of hot MIL-E-16400 3.11.15 
MIL-E-16400 3.3.5 


components 





MIL-E-19100 
3.3.11.2.1 
MIL-E-19100 3.9.11.1 
MIL-STD 122 


Chassis wiring Color coding 





Chassis wiring Insulation MIL-E-19100 3.9.8.3 





through holes 





MIL-E-19100 
3.3.14.1.3 


MIL-STD 242 


Test points Selection 








Handles Removing chassis MIL-E-19100 3.11.9.2 
and protecting | MIL-E-191003.11.9.3 


components 











This allows complete observation of all components 
under actual operating conditions. 


> Shielding and Isolation 





The successful design of a chassis assembly for 
a receiver, transmitter, high-gain amplifier or other 
critical electronic equipment requires a basic un- 
derstanding of circuit functions and the applica- 
tion of adequate shielding. This is particularly true 
in miniaturized equipment where adjacent circuit 
components are intermixed with each other without 
regard to circuit functions. 

Here are some basic rules to minimize intercoup- 
ling between circuits: 

1. Use maximum separation between input and output 
circuits. 
. Separate signal and power leads as much as possible. 
. Shield signal leads. 
. Reduce lead length to a minimum. 


dw W DO 


To minimize intercoupling of electron tubes, use 
slip-on shields that are grounded to the chassis. 
Transformer intercoupling can be minimized by 
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Photo, courtesy Servonics Inc. 


Fig. 5—Highly accessible drawer-chassis design. Bracket 
on rear electrical connector allows bidirectional movement 
to compensate for any misalignment. Circuit adjustments 
are easy to make, and test points are in one location. 
Practically all circuit components are vertically oriented to 
take maximum advantage of air flow 








Fig. 6—Chassis enclosures designed for complete shielding 
of individual stages in equipment 
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positioning power-transiormer cores at right angles 





to input or interstage transformers and by avoid 





ing open-frame transformers. 





In transmitters and receivers, it sometimes be 





comes necessary to provide shielding between com- 
This can be done in 





ponents of different stages. 
several ways: 









‘ull-height metal chassis dividers 
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) naller divider shields across centers of tube sockets 
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ndividual component 


ast chassis design incorporating 
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shield baffles 
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lip-on tube shields 
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6. Complete stage enclosures, Fig. 6 
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Two Engines Mounted Transversely 
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engine can be operate separate since tne electric 


system for each is completely duplicated. Placed 
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Both axles 
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Large Resistance Changes in Thermistors 


Make Brush-and-Ring “Connectors” Practical 


REMOTE TEMPERATURE SENSING 
problems in rotary molding presses 
at Sylvania’s Warren, Pa., plas- 
tics plant have been licked by using 
thermistor controllers and special- 
design slip-ring “connectors As 
reported by the press manufacturer, 
Cropp Engineering Div., El-Tronics 
Inc., temperature signals can be ac- 
curately transmitted through slip 
rings because of the exceptionally 
high output of thermistor circuits. 
With iron-constantan thermocouples, 
this has not been practical because 
of their low output 

Plastic parts are molded and 
cured in this machine by heat sup- 
plied to the cast-iron platens—a 
total of 20 pairs—as they rotate 
past two groups of 2-in. radiant- 
heat gas burners arranged on two 
fixed circular manifolds surrounding 
the ring of platens. Each group of 
burners is controlled by an_indi- 
cating thermistor controller manu- 
factured by Fenwal Inc. Separate 
control of each group of burners 


permits the temperature of the up- 


per and lower platens to be ad- 
justed independently to compensate 
for differential heat losses and vari- 
ous part configurations. The therm- 
istor sensing probe for each con- 
troller is inserted in a special cored 
platen in the upper and lower ring 
of platens. The leads from each 
thermistor probe are wired to a pair 
of spring-loaded, serrated-copper 
brushes, mounted on insulated sup- 


ports fastened to the rotating part 
of the press. The temperature sens- 
ing signal is picked off each set 
of brushes as they wipe against 
Y2-in. wide bronze collector rings 
fixed on the stationary center post 
of the press. The probe signals from 
the collector rings are brought out 
through conduits to the two thermis- 
tor controllers which are mounted 
beside the press. 
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CAM-AND-ROLLER CLUTCH permits 
a magazine-fed power screwdriver 
to hold a contact torque. Built by 
the Detroit Power Screwdriver Co., 
subsidiary of Link-Belt Co., the 
clutch is unaffected by temperature 
changes or excessive oil or grease. 
Clutch torque can be adjusted over 
a range of 15 to 120 Ib-in. with a 
tolerance of plus or minus 2 I|b-in. 
at the low end and 6 lb-in. at the 
high end. 


ROTARY DRIVE POWER, which is 
transmitted through drive rollers 
engaged with a drive cam, turns 
the clutch body along with the 
clutch spindle and the lower spin- 
dle. When a given screw is driven 
to the desired predetermined torque 
the drive rollers force the clutch 
body down against thrust of ten- 
sion spring until openings in the 


Orive rollers 


Upper drive 
member 


Orive com 
Steel boll 


Clutch Locks Out Automatically 
At Predetermined Torque Value 


clutch body come in line with the 
disengaging pins. Forced outward 
by internal springs, the disengaging 
pins lock the clutch body down, 
completely separating the clutch 
body and spindle from the upper 
drive spindle. When the clutch is 
in the disengaged position, the drive 
rollers pass over the high points 
of the cam face 

After a screw is installed and 
the mechanism returns to the “up” 
position, the disengaging pins are 
forced out of the openings in the 
clutch body when the steel balls 
are forced in by the taper on the 
reset sleeve. This action permits the 
clutch body to return to the driv- 
ing position with the drive rollers 
again engaged with drive cam face 

Clutch drive torque is controlled 
by the tension spring which is ad- 


justed by a nut 











Clutch body 





Disengaging pins 








Opening for 
steel ball 











Steel ee 








Lower spindle 
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THERMAL STRESSES IN DESIGN 


Part 5—Interpretation of Fatigue Data for Ductile 


By S. S. MANSON 


Chief, Materials and Structures Div 
Lewis Flight Propulsion Laboratory, NACA 


OST of the investigations and literature on 

the subject of thermal-stress fatigue in duc- 

tile materials have been limited to evalua- 
tions of a few materials under a given set of con- 
litions. From an engineering viewpoint, this type 
of comparison is important because of its immediate 
application to the problem at hand. In addition, 
‘ in this 
series has been confined to the direct effect that 
thermal stress has on the fatigue failure of ductile 


discussion in the previous two articles* 


materials. 

However, to extend application of this informa- 
tion it should be reduced to fundamentals. There- 
fore, an effort is made in this article to interpret 
these results in general terms, and effects of ther- 


at er of articie 


Cleveland, Ohio 


mal-stress fatigue on those material properties that 
are involved in failure are considered. 


> Mechanical Properties Under Cycling 


Importance of thermal-stress cycling on life of 
a part is limited not only to number of cycles that 
can be withstood before failure occurs due to the 
thermal stress, per se, but also to its effect on other 
mechanical properties which govern the life of the 
material. In a turbine bucket, thermal shock occurs 
during starts, stops, and accelerations to rated speed. 
Thermal stresses may conceivably weaken the ma- 
terial so that its strength in stress-rupture under the 
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* Mechanical Properties Under Cycling 


Prior Straining 


Materials 


Distinction Between Thermal and Mechanical Fatigue 


Design Applications 


conditions of high temperature and centrifugal stress 
may be appreciably reduced. 

Coffin® found that thermal-stress cycling caused 
cracks to appear early in the life of the specimen, 
but that progress of the crack was quite slow in 
subsequent cycles. By determining room-tempera- 
ture stress-strain curves for specimens subjected to 
various numbers of thermal cycles, he found that 
for type 347 stainless steel: 


w 


Torque, 7 (Ib-in.) 





o 


1. The larger the number of prior thermal-stress cycles, 


| 
| 


the more elevated the stress-strain curve; that is, the D 


specimen became more strain hardened. 


. Cracks developed by thermal-stress fatigue acted as 


ro 


nuclei for subsequent crack propagation in tension. 
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However, the bulk of the material was not signifi- 
Total Strain, = +e (degrees) 


cantly deteriorated by the prior thermal-stress fatigue 


except when large numbers of cycles were involved. Fig. 32—Alternating stress-strain curves. Similarly 
Fracture ductility could be appreciably decreased by worked copper specimens were subjected to alternat- 
the cracks initiated by fatigue. However, the scatter ing plastic strains of different amplitudes 

was quite wide, and the effect was a statistical one, 
where some specimens showed little loss in fracture 
ductility even after prolonged cycling. When the 
ipper and lower limits of the scatter band were con 
sidered, lines of least and greatest ductility damage 
could be plotted, Fig. 31. However, judgment must 


be exercised by the designer in using these data as 


a guide in practical applications. 


Hardening: The amount that thermal-stress cy- 
cling hardens a material depends on the initial hard- 
ness condition of the material prior to cycling. It 
appears that, if the material is of high hardness as 
a result of prior working, alternating strain may 
soften the material rather than cause further hard- 
ening. This phenomenon was first discussed by 
Polakowski and Palchoudhuri® in connection with Fig. 33—Plot of plastic strain per cycle 
conventional fatigue tests. and number of cycles. Total strain per 

; ae : cycle was maintained constant 

More recently, Wood and Segall’ investigated 


the problem in a strain-eycling test, where the 


Plastic Strain, €p 








Number of Cycles, X 
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specimen was subjected to cycles of positive and 
negative plastic strains of equal magnitudes. The 
tests were conducted at such a speed that heat gen- 
eration was eliminated as a softening influence. 

Copper test specimens were initially hardened 
by a 70 per cent reduction in diameter and then 
subjected to alternating plastic strains of plus or 
minus 1, 5, 10, and 25 degrees. Changes in hard- 
ness were indicated by the torque necessary to cause 
the plastic flow, after the various numbers of re- 
versed strain cycles. This torque is plotted, Fig. 32, 
against the total prior plastic strain, which is the 
sum of all the strains without regard to sign. In 
all cases there was an initial increase in hardness 
which was followed by a softening effect. 

Although these tests were conducted at constant 
temperature, the implications regarding thermal 
stress are evident. Depending on the initial con- 
dition of the material, alternate straining by ther- 
mal stress may soften the material and reduce its 
load carrying ability in tension or creep. 

More direct evidence of the softening phenome- 
non due to alternating strain was presented by 
Kennedy,® in tests performed on Inconel at ele- 
vated temperatures. Again, these tests were at con- 
stant temperature, but implications can be drawn 
regarding thermal-stress fatigue. Fig. 33 shows that 
when the total strain, elastic plus plastic, was main- 
tained constant in successive cycling, the plastic por- 
tion of the strain progressively increased, indicating 
a softening of the material. 

When the load was maintained constant, Fig. 34, 
the time required to produce a given plastic strain 
progressively decreased with an increase in prior 
strain cycles. Both of these figures indicate that 
Inconel, in the condition tested, softened as a re- 
sult of alternating straining. Thus, thermal-strain 
cycling could cause it to lose strength or creep re- 
sistance. 


Stress-Rupture Life: The effect of prior thermal- 
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Fig. 35—Thermal-stress, effect on hardness and 
life of Inconel 550. 
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Rupture stress was 56,500 psi tensile at 1350 F 


stress cycling on subsequent stress-rupture life for 
S-816 and Inconel 550 was determined by Clauss 
and Freeman.® In each case, the thermal-stress cy- 
cling was between 1350 and 200 F. Specimens were 
removed from the rig after a number of predeter- 
mined cycles and evaluated in stress-rupture under 
the same conditions of stress and temperature. For 
S-816, the evaluation conditions were 40,000 psi 
and 1350F, and for Inconel 550, 56,500 psi at 
1350 F. For Inconel 550 a progressive decrease in 
stress-rupture life occurred with an increase in the 
number of thermal-stress cycles, Fig. 35. The de- 
crease was more severe when the cycling took place 
at a higher maximum temperature, as will be dis- 
cussed later. Also, the hardness, measured after re- 
moval from the rig, did not change. The reduction 
in area at fracture in the stress-rupture test did not 
drop appreciably until the specimen was near its 
fracture point in thermal-stress fatigue. 

On the other hand, alloy S-816 showed an en- 
tirely different behavior, Fig. 36. When the speci- 
men was removed after a small number of cycles, 
there was actually an increase in the stress-rupture 
life. The thermal-stress cycles had increased the 
hardness, as shown in the upper curve, and had 
strengthened the material in subsequent stress-rup- 
ture testing. Only a small loss in ductility occurred 
in the stress-rupture test. After larger numbers of 
cycles, the beneficial effect on stress-rupture life 
was reduced, but it was not until the specimen was 
near the fracture point in the thermal-stress test 
that the life itself declined. Loss of ductility in this 
case was progressive with number of cycles. 

The importance of maximum cycle temperature 
on the reduction of stress-rupture life was indicated 
in a series of tests* conducted on Inconel 550. The 
minimum cycle temperature was maintained at 200 F 
while the maximum cycle temperature was varied, 
Fig. 37. Specimens were removed from the apparatus 
after they had completed approximately half the 
number of cycles required to rupture them in ther- 
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Fig. 36—Thermal-stress effect on hardness and 
stress-rupture life of alloy S-816. Cycle tempera- 
ture was maintained between 200 and 1350 F. ad 
ture stress was 40,000 psi tensile at 1350 F 


: 


mal-stress fatigue. They were then tested in stress- 
rupture at 56,500 psi and 1350 F. Small increases in 
maximum cycle temperatures, Fig. 37, produced 
drastic reductions in life. 

Part of this decrease was due to associated in- 
creases in temperature range, which increased plas- 
tic strain both by constraint of greater thermal ex- 
pansion and by greater localization of strain, and 
partly because of metallurgical effects associated 
with the higher temperatures. When the cycling was 
between 1550 and 200 F, 98 per cent of the stress- 
rupture life was lost after the specimen had under- 
gone only one-half the number of cycles required to 
fail it in thermal-stress fatigue alone. 


> Prior Straining 


Subjecting a material to plastic flow prior to 
exposure to conditions of thermal stress can have 
important effects on its behavior in thermal fatigue. 
This topic can be examined from both experimental 
and analytical viewpoints. 


Experimental Determination: Coffin has investi- 
gated the effect of prior cold work.® Contrary to 
the situation existing when the material is evaluated 
in conventional mechanical fatigue, in which prior 
cold work almost always increases the number of 
cycles to failure, the thermal-stress fatigue life 
can actually be decreased in thermal fatigue, Fig. 38, 
particularly when the strains per cycle are large. 

The explanation for this behavior lies in the fact 
that in a conventional fatigue test, stress is the in- 
dependent variable, whereas in the thermal-stress 
fatigue test, strain is the independent variable. Cold 
work increases the yield point, so that for a given 
applied stress the plastic strain per cycle decreases. 
Thereby the number of cycles to failure is increased 
as compared to the cycles to failure for an annealed 
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material in a mechanical fatigue test. 

On the other hand, if the strain is fixed, as in 
the thermal-stress fatigue test, there is no benefit 
derived from the cold work, and the reduced duc 
tility caused by the cold work can reduce life. 

The effect of prior exposure to stress-rupture con 
ditions on the subsequent behavior in thermal-stress 
fatigue of S-816 and Inconel 550 has been investi 
gated by Clauss and Freeman.® For S-816, Fig. 39 
shows that prior application of steady-stress caused 
progressive decreases in thermal-stress fatigue life 
The decreases were almost linearly related to the 
time of exposure to the steady-stress. However, for 
Inconel 550, Fig. 40, no deleterious effect of prior 
stress-rupture conditions was observed on thermal- 
stress fatigue resistance until the time under steady 
load approached the rupture time. There was, in 
fact, a small possible benefit in exposure to stress- 
rupture on the subsequent thermal-fatigue life, al- 
though the data scatter was too great to indicate 
a conclusive trend. 


Analytical Prediction: Thermal-stress fatigue eval 
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Fig. 37—Effect of maximum cycle temperature 
on t rupture life of Inconel 550. Mini- 
mum cycle temperature was 200 F, and rupture 
stress was 56,500 psi tensile at 1350 F 
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uation involves considerable laboratory testing. 
Therefore, it is desirable to develop analytical meth- 
ods for predicting the effect of prior stress and tem- 
perature exposure. Equation 11, Part 3 (that is N 

K/e,"), is used in this objective. 

As a first approximation, it is assumed that loss, 
or gain, in thermal-stress fatigue is caused by 
changes in ductility resulting from prior exposure. 
Thus, it is necessary to measure only the remain- 
ing tensile ductility and apply Equation 11 to ob- 
tain the effect on the number of cycles to failure. 

If Equation I1 is valid for the tensile test, then 


D" No K (12) 


where D ductility of the material in the tensile 
test and Ny equivalent number of cycles to 
failure for the tensile test. 

When two specimens of a material are exposed 
to prior steady stress and temperature for different 
time periods, two conditions of tensile ductility D, 
and Dz result. Evaluation of the specimens in ther- 
mal-stress fatigue, under the same test conditions, 
indicates that the number of cycles to failure, N; and 
No, are related by 

Ny f De 


& 


Di 
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Thus, if ductility D; and number of cycles to fail- 
ure N, are known, the number of cycles to failure, 
No, can be determined by measuring the tensile 
ductility, Ds. 

The temperature at which the ductilities are de- 
termined requires some investigation. For the pres- 
ent, however, it is assumed that the maximum tem- 
perature of the thermal-stress test is the most per- 
tinent value. 

As a crude check on the foregoing hypothesis, 
predictions of the results shown in Fig. 39 and 40 
were attempted. Tensile ductilities were determined 





Analytical 
prediction, 7=2 


Fig. 39—Left—Effect of stress- 
rupture conditions on thermal- 
stress fatigue life of S-816. Cy- 
cle temperature was between 
200 and 1350 F. Rupture stress 
was 40,000 psi tensile at 1350 F 


for S-816 and Inconel 550 after various amounts 
of prior stress exposure at 1350 F. Results of these 
tests are shown in Fig. 41. The ductility of S-816 
fell off much more rapidly than that of Inconel 550 
after short exposure to stress. Application of Equa- 
tion 13 to the data, Fig. 41, resulted in the predic- 
tions shown by dotted curves in Fig. 39 and 40. 
Assumed values of n = 2 and n 3 were used in 
these calculations. 

These predictions agree almost as well with the 
experimental data as the solid lines which Clauss 
and Freeman judged as the most reasonable smooth- 
curve fit. Although results of this test validate the 
use of Equation 13, general use of this approach 
must await more experimental verification. 


> Distinction between Thermal and Mechanical 
Fatigue 


In many respects thermal-stress fatigue resembles 
mechanical fatigue at constant elevated tempera- 
ture. In fact, the theories that have been advanced 
on the mechanism of thermal-stress fatigue dis- 
tinguish it little from mechanical fatigue. Coffin® 
has emphasized the role of dislocations which move 
back and forth between grain boundaries and which, 
in some undescribed way, cause cracks along the 
planes undergoing the dislocation motion. 

Clauss and Freeman® thought of thermal fatigue 
as consisting of two stages: 1. A hardening of the 
material due to strain or microstructural precipi- 
tation. 2. A breakdown of the atomic bonds when 
the material has been greatly hardened. Both the- 
ories would, if correct, apply equally well to me- 
chanical fatigue and to thermal fatigue. 

Between the two types of fatigue, however, there 
are important distinctions which should be em- 


Fig. 40—Effect of stress-rupture 
conditions on the thermal-stress 
fatigue life of Inconel 550. Cy- 

temperature was kept be- 
tween 200 and 1350 F. Rupture 
stress was 56,500 psi tensile at 
1350 F 
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phasized if the results of one type of test are to be 
interpreted in terms of the other. 

1. In thermal-stress fatigue, the plastic strain 
tends to become concentrated in the hottest regions 
of the body. In addition to the strain that would 
normally be induced in the hot section due to con- 
straint of expansion, this section may be called 
upon to absorb strain that might otherwise be in- 
duced in other regions of the body if the yield point 
were not reduced by the temperature. Thus the 
weak link is required to take the maximum burden. 

2. In mechanical fatigue at a constant elevated 
temperature, the same regions are alternately sub- 
jected to plastic flow in tension and compression. 
The compressive-plastic flow has a beneficial ef- 
fect!® in enabling the material to withstand the 
tensile-plastic flow. 

On the other hand, in a constrained specimen 
under a temperature gradient, the major compres- 
sive-plastic flow occurs in the hot part due to its 
lower yield point. This plastic flow tends to upset 
the hot region, increasing the cross-sectional area. 
Upon cooling, the stress in the upset region is 
slightly lower than in an adjacent region not upset 
in compression, because of the higher cross-sectional 





3 
5 


8 


a] 
°o 


cS) 


8 


= 
2 
= 
Ss 
3 
s) 
- 
o 
p 
' 
2 
a 
c 
2 
> 
ro) 
fs 
c 
o 
Vv 
& 
— 
= 
= 
a 
2 
& 
e 
x 








°o 
° 


20 8) 60 
Rupture Life, /, (%) 


Fig. 41—Effect of stress-rupture condi- 
tions on remaining tensile ductility of 
§-816 and Inconel 550 at 1350 F 





AT (degC) 
a 
3 


8 


Temperature Change, 
8 
re) 





°o 
o 
° 
nN 





10* 10° 


Cycles to Failure, V 
Fig. 42—Fatigue life of thermally cycled type 
347 stainless steel with stress concentration. 
Cycle frequency of 4 cycles per min was in- 
duced at a mean temperature of 350 C 


September 4, 1958 


THERMAL STRESSES 


area. Since the yield point is restored at the lower 
temperature, there is less tendency to cause plastic 
flow in tension in the upset region than in the more 
highly stressed adjacent region. Tensile-plasti 
therefore, becomes concentrated in the adj: 

gion, reducing its cross-sectional area. 

The process is repeated in subsequent cycles, ul 
timately resulting in a bulge in the hot region and 
a neck in the adjacent region. This bulging mech- 
anism was very common in the tests by Clauss and 
Freeman.® 
region and compressive strain in another undoubt- 
edly altered the fatigue characteristics of the material 

3. Cyclic variation in temperature may, in itself 
have an important effect on the material. For non- 
cubic materials such as zinc and uranium, the effect 
may be pronounced,! while for more conventional 


Concentration of tensile strain in one 


structural materials such as steel, the effect may 
just be present. Avery'! has, for example, studied a 
Ni-Cr steel under cyclic-temperature conditions. The 
highest temperature of the cycle was such that some 
solution of the carbides into the matrix took place. 
In general, the smaller particles dissolved first. Upon 
return to the lower temperatures, the carbides pre- 
cipitated out again, but instead of precipitating as 
the fine particles they were before re-solution, they 
precipitated onto the existing larger carbides which 
had not dissolved. Thus the larger carbides became 
even larger. Successive temperature cycling pro 
duced an agglomerated carbide structure. 

Thus it would be expected that, in some tem 
perature ranges at least, the effect of cyclic varia 
tion of temperature could have far different results 
from those obtained if the temperature were con- 
stant at some value intermediate between the high 
est and lowest temperatures of the cycle. 

4. Superimposed effects of simultaneous variation 
of temperature and strain are also factors tending 
to distinguish thermal from mechanical fatigue at 
constant temperature. The strain occurs over a spec- 
trum of temperatures, and may therefore have dif 
ferent effects on the microstructural and mechanical 
properties. 


5. Rates at which mechanical and therma 


’ 
j 


. J J J BCE as —_" 
fatigue tests are conducted generaliy differ quite 


greatly. Since at high temperature, time-dependent 
creep and microstructural effects become important 
considerable difference in fatigue properties maj 


develop, depending on the time wolved ir 
the tests. 

From the foregoing five points, it can be seen that, 
although low-cycle mechanical ue tests could 
be useful in interpreting thermal- fatigue prop 
erties, the differences between the types of tests 
are sufficiently great to becloud the correlation, at 
least in some materials and temperature ranges. It 
can also be seen that because of the possibility of 
strain concentration and localization of tensile and 


compressive strain, the life in thermal fatigue may 
be less than that in mechanical fatigue for the same 
average plastic strain per cycle. 
The discussion also indicates the desirability of 
selecting materials for thermal-stress fatigue appli- 
; 


cations that do not exhibit sharp decreases in yield- 





point values for small increases in temperature. Al- 
ternatively, it points to the desirability of avoiding 
temperature ranges in which these sharp changes 
in the yield point can be expected. 


> Design Applications 


Although published data suitable for quantitative 
analysis are still quite limited, excellent use has 
been made of these data to answer several questions 
of practical interest in design. 

One problem is the importance of stress concen- 
trations on the life of thermally cycled materials. 
This problem has been treated'* for type 347 stain- 
less steel tubes. A test was set up with a tube hav- 
ing a 0.040-in. hole drilled perpendicular to the axis 
of the tube. With this specimen, reduction in the 
number of thermal-stress cycles to failure was ob- 
served, Fig. 42. To analyze these data, Coffin rea- 
soned that although the elastic stress-concentration 
factor changes due to plastic flow, the strain-concen- 
tration factor remained unaltered. Knowing the uni- 
form strain and the number of cycles to failure, and 
assuming the localized strain in accordance with the 
strain-concentration factor, he computed the re- 
duced life of the tube with the hole. 

Three types of calculations were made and curves, 
Fig. 42, plotted for each. For curve C, it was as- 
sumed that the total inelastic strain, sum of ten- 
sile and compressive strain without regard for sign, 
remained constant. Although good results were ob- 
tained, it should be recognized that the basic as- 
sumption is rather poor. For example, Fig. 43 shows 
that the total plastic strain can vary by a factor of 
5, depending on the strain per cycle for the an- 
nealed material. Under cyclic loading, the total 
plastic strain encountered can exceed 10,000 per cent. 

Calculations for curves A and B, Fig. 42, were 
based on the assumption that plastic strain governs 
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fatigue, and that the quantitative relation is the 
form of Equation 11.5 In the calculation of A, the 
constants for the equation were based on thermal- 
streses fatigue data, and in calculation of B, con- 
stants were based on constant temperature stress- 
fatigue data.'* The main conclusion to be drawn 
from Fig. 42 is that, by refinement in assumptions, 
it appears possible to predict to reasonable accu- 
racy thermal-stress fatigue in a complex case. 

Another interesting study was made on the effect 
of inhomogeneities in introducing strain concentra- 
tion.1* In this experiment, the specimen was strain 
hardened everywhere except along a fraction a (ratio 
of annealed length to total length) at its center. The 
specimen was then strain cycled at a constant tem- 
perature of 350 C, and the number of cycles to cause 
failure was observed. Also, with Equation 11, the 
number of cycles to failure was calculated. 

It can be seen, Fig. 44, that as the annealed or 
nonstrain-hardened section approached zero, the 
number of cycles to failure approached approximately 
200, whereas for the uniformly twisted specimens 
containing no annealed section at all, the number 
of cycles to failure was over 2000. Thus the pres- 
ence of a small inhomogeneity in the form of a soft 
spot causes a drastic reduction in the number of 
cycles to failure. This presumably takes place be- 
cause a large fraction of the imposed strain becomes 
concentrated in the weak inhomogeneity instead of 
being uniformly distributed along the entire speci- 
men. 

Although this experiment related to a specimen 
at uniform temperature, the implications regarding 
thermal stress are evident. Thermal gradients may 
result in local softening and attendant localization 
of strain, as already discussed. 

Work on high-temperature piping has also been 
a valuable contribution by Coffin. As already in- 
dicated, his principal objectives were to determine 
whether tension at the high temperature produced 
results differing from those with compression, and 
to obtain some data under partial constraint. A 
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Fig. 45—Correlation of high temperature 
thermal-cycling behavior of type 347 stainless 
steel in elastic-stress Stress range 
was computed at 1000 


supplementary objective was to check whether the 
data could be correlated on the basis of elastic 
stress range commonly used in design. Fig. 45 shows 
the results of such a correlation using data for com- 
plete and for partial constraint. Both compression 
and tension were applied at the elevated tempera- 
ture. 

Although there is some scatter, the correlation is 
quite good, despite the fact that in the correlation 
of data for full constraint and partial constraint 
with mechanical strain range, Fig. 30,* a definite 
distinction occurred between the two types of data. 
A possible explanation for the usefulness of elastic- 
stress range in thermal-fatigue design will be pre- 
sented in a later section. 


> Summary on Ductile Materials 


When cyclic plastic strains are induced by con- 
straint of thermal expansion, fatigue ultimately re- 
sults. Number of cycles that can be withstood de- 
pends on the plastic strain, and the temperature at 
which these strains are induced. Whether tension or 
compression occurs at the high temperature seems to 
have little effect on life. 

Probably the most important single variable is 
the maximum temperature of the cycle, particularly 
if it is high enough to cause metallurgical effects to 
take place. Increasing the maximum temperature, 
for a given temperature range, will generally cause 
a much greater reduction in cycles to failure than 
increasing the temperature range by the same 
amount and maintaining the same maximum tem- 
perature. 

The time at which the maximum temperature is 
maintained can also have an effect on life, but of 
smaller magnitude. The effect can also be either 
beneficial or detrimental to life, depending on the 
material, temperature, and life range. 
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Thermal-stress fatigue is quite analogous to me- 
chanical fatigue, and preliminary indications are 
that both are governed by similar mathematical re- 
lations. Because of the continuously changing tem- 
perature during a thermal-stress fatigue test, and 
because of strain concentration and localization ef- 
fects, it is difficult in some cases to predict life in 
thermal fatigue from life in mechanical fatigue at 
constant temperature. 

Limited data developed to date indicate that life 
in a thermal-fatigue test may be considerably less 
than the life of a mechanically strain-cycled speci- 
men. This is true when the mechanical test is con- 
ducted at a constant temperature equal to the a 
erage temperature of the thermal-stress fatigue test, 
and both specimens have the same average strain 
induced. Several distinguishing features between the 
two types of fatigue have already been suggested; 
others may become evident in further investigation. 

The effect of prior thermal-stress cycling on speci- 
mens subsequently evaluated in stress-rupture de- 
pends greatly on the material and the number of 
prior cycles. In general, the effect can be expected 
to be detrimental; however, in some cases it may 
actually be beneficial. For a precipitation-hardened 
material such as S-816, in which further aging can 
produce beneficial effects, a small number of thermal- 
stress cycles increases resistance to stress rupture. 

Each of the materials that have been studied to 
date—type 347 stainless steel, the cobalt-base alloy 
S-816. and the nickel-base alloys Inconel and Inconel 
550—displays characteristics considerably different 
from the others in thermal-stress fatigue, and pre- 
diction of the behavior of one from that of another 
is difficult. Hence, more classes of materials must 
be investigated before a reasonably complete picture 
of the thermal-fatigue behavior of materials in gen 
eral can be understood. 


The next article in this series will present aspects 
of elastic-range stress computations. 
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Design approach and details for a unique cam-based 
intermittent-motion unit that can be readily adapted 
to varying acceleration and operating requirements 


By RAY C. JOHNSON* 

Assistant Professor of Mechanical Engineering 
Yale University 

New Haven, Conn. 


IGH-SPEED indexing is often a demanding 
problem that requires more than ordinary 
measures for design solution. Such a situa- 
tion was recently encountered in the design of a 
mechanism for intermittently rotating a given 
inertia load at a high rate of speed. The inertia 
load was equivalent in size to a solid aluminum 
disc 3 in. in diameter and % in. thick. It was 
desired to rotate this disc through 0.1 revolution 
for each index, the ratio of indexing time to 
zero velocity dwell time being approximately unity. 
Maximum rate of indexing sought was 3000 com- 
plete stops and starts per minute, and the desired 
normal running speed was 40 complete stops and 
starts per second. In addition to these require- 
ments, the following characteristics were desired: 
1. Life length to be at least 100 million complete 
stops and starts at a rate of at least 40 indexes 
per second with no maintenance or replace- 
ment of parts 
. Positional accuracy of the inertia load to be 
within 5 minutes of correct angular positions. 
3. Rotational vibrations of inertia load to be less 
than 2 minutes, peak to peak amplitude. 
. Designer to have maximum possible control of 
the acceleration characteristics for the inertia 
load 
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5. Wearable parts to be simple, and easy to re- 
place after 100 million cycles if wear is evident 
at that time. 


An indexing mechanism designed to fulfill these 
requirements is discussed in this article. 


Mechanism Details: For this indexing mecha- 
nism, five identical cams are spaced at equal an- 
gular intervals on a constant-velocity cam shaft. 
Each cam has a follower arm which is pinned to 
the intermittent output shaft, and each arm has 
a follower ball bearing mounted on each end. One 

f these cam linkages is illustrated in Fig. 1. Each 
cam successively contacts its follower during one- 
fifth of a revolution of the cam shaft, indexing 
that follower through one-tenth of a revolution. 
The cams for this particular mechanism are so 
designed as to give equal intervals for the dwell 
and indexing throw. A unique feature of this 
mechanism is that if the output shaft indexes at 
a fast rate of 3000 cycles per min, the constant- 
velocity drive shaft only rotates at the relatively 
slow rate of 600 rpm. 

Contact is maintained between the cams and fol- 
lowers by means of a spring torque exerted by 
helical springs, Fig. 2. The helical pinion on the 
constant-velocity cam shaft drives the helical gear, 
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which is free wheeling but concentric to the in- 
termittent output shaft. This gear rotates at 
constant velocity equal to the average angular vel- 
ocity of the intermittent output shaft. Hence, the 
springs are intermittently stretched, and the maxi- 
mum spring torque is supplied to the intermittent 
shaft when its deceleration is the greatest, a de- 
sirable condition. Since tension is maintained in 
the helical springs at all times and since the gear 
rotates at constant velocity, it is interesting to 
notice that the torque exerted on the gear is al- 
ways in one direction, eliminating the possibility 
of excessive wear due to backlash. 

In Fig. 3, the indexing mechanism is at rest 
with the cover removed. The inertia disc is shown 
on the output shaft. Four of the five identical 
cams can be seen in the picture with contact only 
between the farthest cam and its follower for the 
position shown. 

High-speed motion pictures were taken of the 
indexing mechanism while it was operating at a 
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Fig. 3— Below — High-speed can § 


ism at rest with cover removed. 
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rate of 3000 cycles per min (the motion-picture 
camera was operating at approximately 2000 pic- 
tures per sec). The movies show that the cams 
and followers move in a smooth manner and main- 
tain proper contact. No vibrations can be detected 
by the eye. Likewise, the helical springs give 
smooth motion, also free from any apparent vibra- 
tions. Also, the movies show that the output 
inertia load indexes with a smooth motion, and 
the accuracy of index is within the specified range 
as indicated by a 0.002-in. hairline. 

The results from the high-speed motion pictures 
are very encouraging. However, it should be em- 
phasized that such an analysis only indicates 
smoothness from a displacement aspect. Since the 
human eye is a rather poor differentiator, we do 
not have any indication of the acceleration smooth- 
ness at this time. From a force standpoint, the 
acceleration variation is important. Results of ac- 
celerometer measurements will be presented later. 


Performance Characteristics: An intermittent 
mechanism of this type has several advantages for 
high-speed operation: 

1. Members of the mechanism which move 
intermittently are all near the axis of rotation. 
Hence, its internal inertia is inherently relatively 
low. 

2. The designer has 
icceleration 


complete control over the 
characteristics as a result of the 
freedom permitted in the cam design. 

3. The designer has choice for the ratio of dwell 
period to indexing period. This ratio may be varied 
in design between 0 and approximately 114 with 
no difficulty. 

4. The input shaft rotates at only one-fifth 
the rate of intermittency. All shafts rotate at rel- 
atively low speeds which is favorable from vibra- 
tion and wear standpoints. 

5. The wear is distributed over five cams and 
ten follower ball bearings, rather than being con- 
centrated on one driving element. 

6. The cam and follower contact is character- 
ized by no backlash and semirolling contact. This 
is favorable from a wear standpoint. 

7. The use of identical cams and springs, and 
low-cost standard ball bearings for the followers, 
is favorable from manufacturing and replacement 
standpoints. 


Design Considerations: In the design of this 
mechanism, many design decisions had to be made. 
Let us briefly consider some of these. 

SELECTION OF MATERIALS: The five identical 
cams were made from Nitralloy 135 steel with a 
surface hardness of Rockwell C 70 and a case 
depth of 0.012 in. This material was desirable from 
a wear and contact-vibration standpoint. The cams 
were finish ground after heat treatment using a 
2.5 times master cam 

The intermittent follower arms were made from 
2024-T aluminum plate because of the low inertia 
possibilities. Also, the modulus of elasticity of 
this material is high enough to permit a design 
having an acceptable degree of stiffness 
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The helical springs were made from music wire 
which was shot peened for longer life. A maxi- 
mum shear stress of 75,800 psi is reached for 
every cycle of operation, and in over 153-million 
cycles of operation, none of the ten springs have 
failed. 

MOTION DEVELOPMENT: The cam-motion devel- 
opment was made using the theory of finite dif- 
ferences.' A cam-angle interval of 1 degree was 


‘References are tabulated at end of article 


chosen for calculating the follower-body displace- 
ment values. Such an interval is not unreasonably 
large from a primary acceleration standpoint, and 
yet is large enough to give tolerable secondary- 
acceleration fluctuations due to machining er- 
rors.!:2 The initial follower-body displacement 
values were obtained from a constant-acceleration 
solution to the problem, since it always results in 
a minimum amplitude for the primary acceleration. 
From the theory of finite differences and the rapid 
method for motion development,* the final fol- 
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Fig. 4—Dynamic per- 
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high-speed indexing 
mechanism. All forces 
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Fig. 5—Below—Instrumentation set-up for measurement of acceler- 


ation characteristics of high-speed indexing 


ism. Acceler- 


ometer is mounted to the inertia disc on the output shaft. 
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Fig. 6—Oscillograph pat- 
terns from accelerometer 
output for (left) several 
cycles and (right) ap- 
proximately one cycle of 
indexing. Speed of index 
of mechanism is 40 cps. 


lower-body displacement values were calculated 
so as to give a follower and cam contact force 
which is low in magnitude and smooth in shape. 
This is a desirable condition from a contact vibra- 
tional standpoint.* Based on an assumed accelera- 
tion coefficient of 4.00 for a constant-acceleration so- 
lution to the problem and 6.28 for a cycloidal-motion 
solution, the coefficient for the developed motion 
was 5.00 for the maximum acceleration. If a ten- 
station Geneva mechanism performed the desired 
indexing, a maximum acceleration coefficient of 
5.95 would exist with the inherently poor accelera- 
tion characteristics and high sliding velocities. 

FOLLOWER AND CAM PROPORTIONS: The geo- 
metric proportions for the follower arms were de- 
termined by minimizing the cam contact force. It 
is easy to see that if the follower arms are too 
large, the contact force will be large because of the 
large inertia. On the other hand, if the follower 
arms are too small, the contact force will be large 
because of the small torque radius for driving the 
intermittent shaft. Of course, this is only true 
for a fixed-output inertia load, which is the situa- 
tion for this problem. The cam contact force was 
minimized instead of the cam contact stress,° since 
for this particular problem it was found that 
the load rating on the ball bearings was more crit- 
ical than the cam contact stress. 

The diameter for the cams was chosen as large 
as possible without exceeding the catalog load rat- 
ings of the follower ball bearings. This is advan- 
tageous from a contact stress standpoint.® 

DYNAMIC SUMMARY: The dynamic force, stress, 
and follower motion variations for the mechanism 
are shown in Fig. 4. 

ADDITIONAL CONSIDERATIONS: Many other fac- 
tors had to be considered in the design of this 
mechanism. 

Torsional and lateral beam vibrations of both 
the cam shaft and the output intermittent shaft 
had to be taken into account. The angular posi- 
tions of the cams on the cam shaft were staggered 
to give the best dynamic balance. Also, the wide- 
ly varying torque on the cam shaft required the 
use of a flywheel on that shaft. 

The drive motor selected had to be capable of 
exerting the large starting torque required of this 
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mechanism due to the stretching of the helical 
However, under normal operation, an 
exchange of energy takes place between the springs 
and the intermittent inertias, resulting in a theo- 
retical net power consumption of zero. The helical 


springs. 


gearing had to be designed properly to accom- 
modate the large and varying torque due to the 
intermittent stretching of the springs. A 300-sec 
turbine-oil lubricant was selected to withstand the 
The springs had to 


be checked for internal surgings 
5S 5 


fairly high contact stresses. 


Performance Analysis: The high-speed motion 
pictures show that the indexing mechanism is 
satisfactory from a displacement standpoint. How- 
ever, the apparently smooth indexing motion from 
a displacement aspect might not be so smooth 
from an acceleration standpoint. 

An accelerometer was mounted on the inertia 
disc of the mechanism, and its output was fed 


Primary occelerction 

Gs developed by 

theory of finite 
differences 


Machining error acceleration 
toleronce bond as predicted 
by theory of finite 
differences 


Oscillograph pattern from 
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Fig. 7—Comparison of accelerometer meas- 
urements (Fig. 6) with acceleration curve 
developed by method of finite differences. 
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Table 1—Comparison of Theoretical and 
Measured Acceleration Values* 





Machining 
Method Maximum Error 
of Primary Acceleration 
Analysis Acceleration Fluctuation 
Bg mex A; 
(in. per sec?) (in. per sec) 





Theory of finite differences 9,960 


10,800 


24,700 


Accelerometer measurements 25,800 





Difference 5% 8% 





*All accelerations are the tangential component on the inertia disc 
the indexing shaft at < é is of 1 in. Speed of index is 40 
ps For graphical comparison of results, see Fig. 7 


through a cathode follower to the oscilloscope, 
Fig. 5. To avoid the additional inertia and elec- 
trical contact difficulties of slip rings, the shielded 
wire from the accelerometer was wrapped around 
the indexing shaft, unwinding itself during opera- 
tion of the mechanism. With this type of a set-up, 
it was possible to bring the mechanism to a speed 
of 40 indexes per sec and maintain that rate for 
several seconds, during which time a photograph 
was made of the acceleration variation on the oscil- 
loscope. 

The acceleration variation for several cycles and 
slightly more than one cycle is shown in the oscil- 
lograph photographs of Fig. 6. A negative print 
for one cycle is shown in Fig. 7 along with the 
superimposed primary acceleration variation and 
machining error tolerance band as obtained by 
the method of finite differences. As is evidenced 
in Fig. 7, the correlation between the accelerometer 
measurements and the finite difference predictions 
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is quite satisfactory. A comparison of experimental 
and theoretical results is given in Table 1. For the 
primary acceleration, the correlation is within 5 
per cent and for the acceleration fluctuations due 
to the machining errors, within 8 per cent. 

In conclusion, the high-speed indexing mecha- 
nism has now been operating under loaded con- 
ditions for over 153 million cycles at a rate of 
40 to 45 eps with no mechanical failures. The 
springs, ball bearings, cam surfaces, and gear teeth 
appear to be withstanding the loads very well. 
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Small Triangles 


Frequently a need arises for the difference in hy- 
potenuse and long side lengths of a long, right tri- 
angle. In a typical example, the distance 1 from the 
pivot point to the end of the lever and the lever 
width 2a are known. 



































The distance r, which is the clearance necessary 
to swing the lever, can be determined from the re- 
lationship, r? a? I?, as follows: 


a” gh fed I? 


which by factoring and rearrangement becomes 
a- 
r+ 
For long right triangles, r and 1 are practically 


equal, so a substitution of 2 1 can be made for r + l. 
Hence, the value for r becomes 


9 


a2 
-+l1 
21 
This approximation may be used without intro- 
ducing serious error when the small angle of the 
triangle is less than 15 degrees. As examples, the 
error for an 11 degree angle is 1 per cent and for 
a 30 degree angle is 8 per cent.—ROBERT A. MORGAN, 
Pasadena, Calif. 
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Tables and equations simplify design of 


for large loads and small deflections 


By EARLWOOD T. FORTINI 
Mechanical Engineer 

Photon Inc 

Cambridge, Mass 


ONICAL-DISC springs or, as they are some- 
C times called, Belleville springs, offer two prac- 
tical attributes in design: Simplicity and com- 
pactness. They are ideally suited for spring service 
where high load over a relatively short range of 
deflection is required. By suitable choice of spring 
proportions, wide variation in load-deflection char- 
acteristics can be obtained. Moreover, these spring 
forms can be readily used in combination or in nests 
to produce many desirable relationships not possible 
or practical with single springs. 

Basic design equations for conical-dise springs’ 
are summarized for reference in Table | (Symbols 
are defined in Nomenclature). However, calcula- 
tions involved in the application of these equations 
require trial and error procedures which are apt 
to be time-consuming, considering the essential sim- 
plicity of this spring form. 

This article presents a simplified design approach, 
employing modified forms of the equations in Table 
1. Design calculations are based on the evaluation 
of two coefficients. One coefficient depends on the 
choice of material and working stress, the other on 
selection of spring proportions. Tables of numerical 


1References are tabulated at end of article 




















Fig. 1—-Geometry of the conical-disc spring 
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values for 
eration is also given to load-deflection relationship 
and to the use of single or multiple-spring assem 


these coefficients are provided. Consid 


blies as energy storage devices 


Terminology: Conical-disc springs, as the term 
used here, are initially coned, uniform-section, dis« 
springs. Their geometry, Fig. 1, is established by 
four dimensions: D, d, h, and t 

Spring elements of this general form are ofte1 


identified as Belleville springs. However, as defined 


by Julien Belleville in a U. S. Patent issued in 1867 


this designation holds only for conical-dise spring: 
designed to deflect to solid height without permanent 


set and to have a value of h/t < 1.25. 
Load-Deflection Characteristics: In the basic load 
deflection equation, Table 1, setting : 
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Coefficients de pen lent 
( Table 
- Dimensionless 
Outside diameter 


f 


Inside diameter 
s of elasticity 
, 


Modulu 


ree neignt ol 


Y) 


reous Sea POET 





§ 2SIg-jp21N0> 


shud 











DATA SHEET 

















Fig. 2 — Load-de- 
flection characteris- 
tics of conical-disc 
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the load, P,, required to deflect a conical-disc spring 
to flat or solid height: 


ne 4E 
~ D2 (1 — »)M_ 


(1) 
t D? 


Dividing the basic equation by this expression 
gives 


(2) 


where P/P, is the ratio of load at any deflection to 
load at solid height. In Equation 2, this ratio is ex- 
pressed in terms of two other ratios: 1. Ratio of free 


height to thickness, h/t. 2. Ratio of any deflection 
from free height to deflection at solid height, 8/h 

k. 

Plots of Equation 2, Fig. 2, show how ratio h/t 
determines the characteristic shape of the load- 
deflection curve. When 0 < h/t < 1.4, spring rate 
is always positive. When 1.4 < h/t < 2.8, spring 
rate is negative in the interval from k = 0.6 to 1.2. 
With a positive spring rate, load increases as de- 
flection increases. But with a negative spring rate, 
load decreases as deflection increases. When h/t > 
2.8, the conical-dise spring becomes unstable and 
will snap into a new position if deflected beyond 
a certain point. 

These load-deflection characteristics often can be 
used to advantage in design. Note that h/t 1.6 
will give, within 5 per cent, a spring rate of zero 
for a large deflection range. 


Energy Storage Characteristics: For many appli- 
cations, interest in a spring or a combination of 
springs is concerned with the amount of energy that 
can be stored. In dimensionless form, the stored 
energy is represented by the area under the load- 
deflection curve, Fig. 3. This area has the value, 


it ) (3) 


where k, is the maximum value of deflection ratio k. 
Actual energy values can be determined from 


V = PrhhU (4) 


Modified Equations: In simplified form, equations 
relating spring load to spring geometry are: 


P = Ap Bp D* (5a) 
P= AaBad* (5b) 
P= At B: t* (6a) 
P = Ah By h? (6b) 


These expressions were derived from the equations in 
Table 1. The A coefficients depend only on choice 
of material and working stress; the B coefficients are 
functions of ratios h/t, D/d, and 8/h k. Equa- 
tions 5a and b are parallel expressions. The same 
is true for Equations 6a and b. Thus, for design 
purposes, only one equation of each pair is needed 
when ratios h/t and D/d are given. However, pre- 
ferred procedure is to use Equation 5a and 


t Arp Bip D (7) 


which is obtained by combining Equations 5a and 
6a. 

Combining Equations 4 and 6b leads to a simpli- 
fied energy expression, 


V Ay By P? (3) 


Evaluation of Coefficients: Expressions for the 
evaluation of the A coefficients are given in Table 2. 
Choice of material establishes applicable values of 
Poisson’s ratio, v, and modulus E. However, selec- 
tion of a suitable working stress, s, requires some 
consideration. 

It has been reported! that conical-disc springs 
are found to function satisfactorily with computed 
stresses of 200,000 to 220,000 psi even though made 
from steel with a yield point of 120,000 psi. In fact, 
according to one spring manufacturer, calculated 
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Fig. 3—Dimensionless form of stored energy 
(U) in conical-disc springs. Maximum de- 
flection ratio &, defines limit condition 











stresses, up to 300,000 psi are not unusual, and that 
even higher calculated stresses, up to 700,000 psi, can 
be developed for certain spring proportions. How- 
ever, high stress values are for static loads and re- 
quire special precautions such as rounding edges, 
avoiding surface scratches, etc. 

Stress computed with the stress-deflection equa 


Table 1—Basic Design Equations 


Load-Deflection 
4E8 
P ————— 


v2) MD2 


pee. | Cil A 
(1 — r®)MD* & 


Dimensionless Coefficients 


D 


] 
a 





*For 5 < 2h. use positive value of Cz which will give 
maximum compressive stress at upper edge of ID. For 6 > 
2h, use negative value of C2 which will give maximum ten- 
sile stress at lower edge of ID. Compressive stresses have 
positive values, tensile stresses negative values. 
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Table 2—Evaluation of Coefficients Dependent 
Upon Spring Material and Working Stress 





Coefficient Value 


Table 3—Evaluation of Coefficients 
Dependent Upon Spring Proportions* 


Coefficient 


Value 





*Criteria for selection of positive 
in calculations are given in footnot 


tBna Bn when k l. 


Table 4—Values of A, and A 





s (psi) Ap 





Carbon or Alloy Steel 
100,000 
150.000 
200,000 
250,000 


300,000 


Stainless Steel (F 
50.000 

100,00 

150, 006 

200,000 


250.000 


Beryllium Copper (J 
SOO00 

100,000 

150,000 

200,000 

250,000 
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Table 5—Values of Bp and B:p 


Values of B,, appear in lightface 


Values of B, appear in boldface 





0.4 


1.8 


2.2 


2.8 


k h/t=0.4 


1.0 


1.4 


1.6 





1.670 
1.450 
0.844 
1.035 
0.598 
0.870 
0.475 
0.770 
0.407 
0.703 
0.368 
0.655 
0.343 
619 
333 
J.ovd 
278 
0490 
.239 


508 


1 
1. 
1 


».796 
1.042 
0.630 
0.920 
0.538 
840 
487 
783 
458 
740 
446 
0.710 
376 
653 
-306 


606 


1.6 


.380 
960 
.248 
352 
-863 
123 
.570 
908 
-508 
845 
0.528 
0.844 
0.493 
0.795 
0.428 
0.765 
0.400 
0.704 
0.339 
).654 


Ko Hm Hae 


425 
930 
241 
279 

361 
158 

-681 
024 

-580 
930 

-522 
870 

0.488 

0.820 

0.474 

0.784 

0.395 

0.724 

0.326 

0.660 


K$OoKHOS Hm Ht 


528 
754 


-249 


vie 


-162 


455 


122 


436 


105 


407 


.103 


359 


354 


135 


316 


-lll 


335 


.097 


Je 


-706 


939 


334 


685 


27 


580 


-164 


.140 


487 


136 


466 


-152 


460 


178 


449 


146 


400 


.128 


361 


503 


.164 
).496 
192 


454 


-158 


431 


-139 


390 


0.378 
0.615 
0.165 
0.447 
0.098 
0.351 
0.068 
0.346 
0.055 
0.327 
0.056 
0.3158 
0.067 
0.313 
0.097 
0.315 
0.082 
0.277 
0.075 
0.245 


0.536 
0.136 
0.464 

0.092 

0.416 
0.074 

0.392 

0.072 
0.379 
0.087 
0.3.6 
0.127 
0.379 
0.109 
0.332 
0.039 


0.293 


0.552 
0.790 
0.245 
0.552 
0.122 
0.49¢ 

0.101 
0.450 
6.082 
0.424 
0.078 
0.410 
0.094 
0.405 
0.137 
0.408 
0.118 
0.358 
6.109 


0.317 


0.562 
0.820 
0.248 
0.600 
0.149 
0.515 
0.103 
0.465 
0.081 
0.437 
0.079 
0.422 
0.094 
0.417 
0.135 
0.419 
0.117 
0.368 
6.109 
0.327 


6.325 
0.547 
0.127 
0.374 
0.081 
0.344 
0.053 
0.314 
0.041 
0.298 
0.041 
0.282 
0.052 
0.282 
0.084 
0.286 
0.074 
0.256 
0.069 


0.226 


0.442 
0.657 
0.192 
0.486 
0.109 
0.414 
0.072 
0.378 
0.056 
0.358 
0.054 
0.349 
0.069 
0.345 
0.111 
0.355 
0.098 
0.306 
0.092 
TO 


as 


0.490 
0.715 
0.212 
0.526 
0.120 
0.450 
0.079 
0.410 
0.061 
0.388 
0.059 
0.376 
0.075 
0.375 
0.120 
0.382 
0.106 
0.332 
0.100 


0.292 


0.496 
0.738 
0.214 
0.544 
0.122 
0.465 
0.079 
0.420 
0.061 
0.400 
0.059 
0.388 
0.075 
0.386 
0.119 
0.392 
0.106 
0.340 
6.101 

0.302 


0.294 
0.497 
0.125 
0.368 
0.069 
0.316 
0.043 
0.290 
0.031 
0.276 
0.029 
0.270 
0.040 
0.270 
0.075 
0.281 
0.067 
0.238 
0.065 


0.210 


0.394 
0.599 
0.172 
0.443 
0.093 
0.380 
0.058 
0.348 
0.041 
0.330 
0.045 
0.324 
0.053 
0.324 
0.098 
0.334 
0.090 
0.256 
0.086 
0.251 


0.444 
0.652 
0.188 
0.481 

0.103 
0.412 
0.064 
0.376 
0.045 
0.358 
0.042 
0.349 
0.060 
0.355 
0.107 
0.360 
0.098 
0.310 
0.093 
0.268 


0.253 
0.422 
0.104 
0.314 
0.053 
0.270 
0.029 
0.248 
0.016 
0.238 
0.013 
0.236 
0.023 
0.241 
0.061 
-252 
-060 
212 
-059 


182 


0.020 
0.316 
0.034 
0.321 
0.086 
0.334 
0.087 
0.283 
0.088 
0.244 


0.207 
0.344 
0.082 
0.257 
0.039 
0.224 
0.017 
0.207 
0.005 
0.200 
0.005 
0.200 
0.008 
0.207 
0.048 
0.223 
0.054 
0.184 
0.053 
0.155 


0.319 
0.453 
0.125 
0.338 
0.059 
0.292 
0.026 
0.270 
0.008 
0.261 
0.001 
0.261 
0.012 
0.268 
0.069 
0.290 
0.077 
0.236 
0.081 
0.202 


D/d = 2.0 


0.25 


0.50 


0.75 


2.325 
1.950 
1.198 
1.405 
0.830 
1.167 
0.653 
1.030 
0.556 
0.939 
0.498 


940 
A75 
875 
433 
0.826 
A27 
790 
.358 
730 


-308 


680 


2.4 

2.070 
940 
.063 
390 
-735 
158 
0.598 
1.039 
0.491 
0.930 
0.465 
0.864 
0.410 
0.815 
0.396 
0.780 
0.332 
720 
-284 
670 


0.760 
1.060 
0.358 
0.774 
0.230 
0.654 
0.168 
0.580 
0.147 
0.537 
0.142 
0.522 
0.157 
0.515 
0.181 
0.500 
0.151 
0.447 
0.134 
0.405 


0.541 
0.825 
0.240 
0.607 
0.143 
0.517 
0.098 
0.472 
0.078 
0.440 
0.075 
0.425 
0.091 
0.420 
0.129 
0.422 
0.112 
0.370 
0.105 
0.330 


0.832 
0.232 
0.610 
0.136 
0.519 
0.095 
0.471 

0.070 
0.426 
0.075 
0.428 
0.086 
0.420 
0.122 
0.422 
0.107 
0.372 
0.099 
0.330 


0.500 
0.825 
0.219 
0.607 
0.129 
0.515 
0.089 
0.467 
0.069 
0.438 
0.070 
0.423 
0.080 
0.416 
0.113 
0.417 
0.100 
0.367 
0.093 
0.327 


0.481 
0.745 
0.208 
0.550 
0.118 
0.469 
0.077 
0.426 
0.059 
0.404 
0.057 
0.391 

0.071 
0.388 

0.113 
0.394 

0.102 
0.344 


0.096 
0.303 


0.430 
0.057 
0.406 
0.055 
0.394 
0.067 
0.387 
0.108 
0.396 
0.097 
0.344 
0.093 
0.305 


a) 
me le 


Aww RS WS Hb 


oo 
tow 


eo ro be 
Vo ©K% On ie 


a] 
a 
DR 
PD 


0.063 
0.384 
0.099 
0.390 
0.090 
0.340 
0.087 
0.302 


0.411 
0.680 
0.184 
0.502 
-090 
418 
-062 
-392 
-044 
.373 
041 
363 
-056 
363 
101 
373 
094 
.321 
.090 


281 


0.403 
0.680 
0.169 
0.502 
0.093 
0.430 
0.056 
0.391 
0.039 
0.370 
0.036 
0.361 
0.049 
0.359 
0.088 
0.367 
0.083 
0.318 
0.081 
0.279 


0.386 
0.037 
0.366 
0.033 
0.356 
0.046 
0.358 
0.081 
0.362 
0.076 
0.313 
0.075 
0.276 


0.033 

.324 
0.083 
0.338 
0.084 
0.284 
0.085 
0.247 


0.370 
0.583 
0.150 
0.432 
0.076 
0.371 
0.041 
0.340 
0.023 
0.326 
0.018 
0.320 
0.031 
0.324 
0.078 
0.338 
0.079 
0.284 
0.082 
0.249 


0.314 
0.473 
0.079 
0.314 
0.059 
0.305 
0.026 
0.281 
0.007 


979 
ata 


0.001 
0.270 
0.012 
0.279 
0.064 
0.298 
0.075 
0.247 
0.079 
0.210 


0.306 
0.477 
0.121 
0.356 
0.057 
0.306 
0.025 
0.284 
0.007 
0.274 
0.001 


0.272 


0.011 
0.279 
0.061 
0.298 
0.071 
0.247 
0.074 

210 


0.292 
0.475 
0.115 
0.354 
0.054 
0.305 
0.023 
0.281 
0.007 


0.272 


0.006 
0.270 
0.010 


977 
ald 


0.057 
0.295 
0.070 
0.251 
0.070 
0.210 


2S oo 
Oh BS 8 
Ow OS Ot OM 


to 


= 


0.268 
0.001 
0.268 
0.010 
0.279 
0.052 
0.290 
0.061 
0.241 
0.065 
0.207 
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730 
.236 
697 
.199 
644 
172 


600 


4.5 


108 
680 
567 
210 
387 
000 
.304 
883 
-266 
804 
227 
745 
211 
703 
201 
669 
170 
620 
147 
0.576 


582 
024 
-202 
745 
175 
630 
.128 
565 
lll 
105 
500 
-114 
490 
-103 
475 
110 
427 


.099 
387 


444 
960 
207 
700 


.132 


384 
929 
179 
675 
114 
.569 
084 
510 
O71 
0.472 
0.067 
0.450 
0.072 
0.439 
0.081 
0.424 
0.069 
0.380 


0.063 
0.348 
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0.424 
0.803 
0.187 
0.590 
0.110 
0.500 
0.075 
0.452 
0.060 
0.425 
0.057 
0.410 
0.066 
0.401 
0.093 
0.403 
0.082 
0.353 
0.078 
0.316 


0.051 
0.411 
0.048 
0.395 
0.056 
0.387 
0.078 
0.386 
0.070 
0.342 
0.066 


0.305 


0.752 
0.142 
0.553 
0.083 
0.469 
0.057 
0.424 
0.045 
0.397 
0.042 
0.381 
0.049 
0.374 
0.067 
0.371 
0.060 
0.325 
0.059 


0.296 


0.287 
0.730 
0.123 
0.534 
0.072 
0.453 
0.049 
0.409 
0.038 
0.382 
0.036 
0.367 
0.044 
0.359 
0.057 
0.358 
0.052 
0.318 
0.050 


0.284 
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Table 5 (Continued) 


Values of Bp appear in boldface 


384 
730 
162 
534 
.092 
455 
.060 
414 
045 


3 
388 


.290 
681 
-123 
500 
070 
427 
-045 
387 
034 
363 
-032 
350 
.039 
346 
-059 
348 
.055 
306 
-054 


252 
658 
-108 
454 
0.060 
0.412 
0.039 
0.372 


0.029 


0.033 
0.333 
0.050 
0.334 
0.047 
0.293 
0.047 


0.262 


1.8 


0.344 
0.662 
0.144 
0.487 
0.079 
0.417 
0.048 
0.381 
0.033 
0.359 
0.031 
0.349 


0.041 


0.306 


0.068 


0.270 


0.297 
0.640 
0.125 
0.473 
0.068 
0.405 
0.042 
0.368 
0.028 
0.348 
0.026 
0. 

0.035 
0.334 
0.061 
0.340 
0.060 
0.296 
0.059 


0.263 


0.265 
0.622 
0.106 
0.454 
0.060 
0.391 
0.036 
0.356 
0.025 
0.3 

0.327 
6.030 
0.324 
0.053 
0.328 
0.051 
0.286 
0.051 


0.253 


0.231 

0.601 

0.096 
0.444 

0.052 
0.378 
6.031 

0.343 
0.022 
0.324 
0.020 
0.314 
0.026 
0.311 
0.045 
0.316 
0.046 
0.281 
0.044 
0.243 


0.302 
0.565 
0.123 
0.418 
0.059 
0.351 
0.033 
0.325 
0.018 
0.313 
0.014 
0.308 
0.025 


0.310 


0.062 
0.272 
0.065 


0.235 


0.284 
0.547 
0.106 
0.406 
0.054 
0.345 
0.029 
0.319 
0.016 
0.303 
0.012 
0.296 
0.020 
0.295 
0.050 


0.308 


0.053 
0.262 
0.055 


0.230 


0.232 
0.531 
0.094 
0.394 
0.048 
0.338 
0.025 
0.308 
0.014 
0.293 
0.008 
0.286 
0.018 
0.288 
0.043 
0.296 
0.046 
0.254 
0.048 


0.221 


0.203 
0.513 
0.082 
0.351 
0.041 
0.326 
0.022 
0.298 
0.012 
0.283 
0.009 
0.277 


0.041 
0.214 


0.253 
0.463 
0.099 
345 
046 
296 
.020 
274 
.006 
262 
001 
260 
.008 
268 
047 
284 
056 
.059 


0.196 
0.437 
0.076 
0.324 
0.036 
0.279 
0.016 
0.259 
0.004 
0.247 
0.245 
0.009 
0.248 
0.034 
0.252 
0.038 
0.219 
0.045 


0.189 


0.172 
0.423 
0.067 
0.314 
0.031 
0.270 
0.014 
0.249 
0.004 
0.238 
0.234 
0.005 
0.240 


lues of Btp appear in 


lightface 


1.4 1.6 


0.339 0.270 0.225 0.206 0.182 0.154 
0.896 0.705 0.639 0.554 0.495 0.416 
0.159 0.109 0.095 0.085 0.073 0.060 
0.653 0.515 0.468 0.429 0.368 0.303 
0.101 0.064 0.054 0.046 0.036 0.023 
).550 438 0.398 0.366 0.314 0.262 
0.074 -043 0.034 0.028 0.019 0.015 
0.491 0.395 0.360 0.333 0.286 0.241 
0.062 .034 0.026 0.019 0.008 0.003 
1.456 368 0.339 0.313 0.274 0.230 
0.059 .032 . 0.017 0.008 

0.431 355 ).327 0.304 5 

0.063 .036 0.028 0.023 

0.425 $46 0.320 0.300 

0.070 -050 0.044 0.038 

0.408 45 0.322 0.302 

0.060 045 0.040 0.038 

0.368 105 0.282 0.264 

0.055 44 0.041 0.038 


0.334 ).274 0.253 0.234 














Symmetrical Asymmetrica 
Parailel-Series Porallel-Series 


Fig. 4—Types of conical-disc spring nests 


Table 6—Dimensionless Values of Stored Energy 





——Dimensionless Energy Value, | 


1.1953 
1.5561 
2.0000 2.0000 
2. S705 2? 6082 


3200 , 5070 


Table 7—Values of 


1.4 
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Two springs in parallel 


Single spring 


Symmetrical porallel-series nest 


Fig. 5 — Comparative 
load-deflection charac- 
teristics for single and 











Three springs in series 


multiple conical - disc 
spring assemblies. 
Plots for spring nests 
are based on combina- 
tions shown in Fig. 4 











Deflection 








tion in Table | is located on the inside diameter of a 
conical-disc spring. Compressive stress is indicated 
by a positive value, tensile stress by a negative value. 
Also, when a positive value of coefficient Cz is used 
for calculations, the stress found is for the upper 
edge; when Cy, is negative, the stress value is re- 
ferred to the lower edge. 

The stress-deflection equation (Table 1) can be 
put into the form, 

4E biae 


—- — | —— } (9) 
(1 v*) Bip* D 


where coefficient B;, is defined in Table 3. Ratio 
t/D is, of course, uniquely determined by (1) the 
spring material, (2) ratios D/d and h/t and (3) the 
value of stress corresponding to some maximum rela- 
tive deflection, k. 

Information given here on stresses in conical-disc 
springs is necessarily limited. Further discussion can 
be found in the literature.” 

Numerical values of the A coeificients for various 
combinations of materials and working stresses are 
given in Table 4. 

Equations for the B coefficients are given in Table 
3. These coefficients, as mentioned previously, are 
functions of h/t, D/d, and k. Effect of ratio h/t on 
load-deflection characteristics has been discussed. 
Choice of ratio D/d is often limited by design con- 
siderations quite apart from spring requirements. 
Size and space, or weight, limitations may leave little 
if any choice. Values of D/d between 1.4 and 3 are 
recommended, although it is possible to use other 
proportions. When D/d 1.8, maximum load for 
a given outside diameter is obtained. In the absence 
of other considerations, this proportion should be 
used. 

A conical-disc spring should be designed so that 
at maximum deflection the spring will not take a 
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permanent set. Deflections greater than twice the 
free height (k > 2) are possible; however, for most 
applications, deflection beyond solid height is not 
desirable. Even when deflection beyond solid height 
is not necessary, it is often good practice to base de- 
sign on stress at deflection to solid height (k = 1) as 
a criterion. 

When evaluating the B coefficients, Table 3, posi- 
tive values of C. should be used for k = 2, negative 
values for k > 2. Values of Bp and B;p, calculated 
to slide-rule accuracy for different values of D/d, 
h/t, and k, are given in Table 5. 

For simplified energy calculations (Equation 8), 
numerical values of U are given in Table 6, values 
of 1/B,,!/2 in Table 7. Product of the values (Table 
3) gives By. 


Nests of Springs: Combining conical-disc springs 
in nests greatly increases their range of application. 
The two basic ways of grouping springs, Fig. 4, are 
(1) in series and (2) in parallel. Symmetrical and 
asymmetrical combinations of these basic arrange- 
ments are also possible, Fig. 4. 

Load-deflection characteristics of nests of springs 
are derived from the characteristics of the individual 
elements. For springs in series, the deflection scale 
(deflection per unit load) of the individual spring 
is multiplied by the number of series elements. For 
springs in parallel the load scale or gradient (load 
per unit deflection) is multiplied by the number of 
springs in the parallel group. For symmetrical par- 
allel-series nests, values of load and deflection scales 
are simply multiples of values of individual springs. 
For example, in Fig. 4, the deflection scale of the 
symmetrical parallel-series nest is three times that 
of an individual spring, and the load scale is two 
times the individual value. Fig. 5 illustrates how 
load-deflection characteristics for combinations differ 
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CONICAL-DISC SPRINGS 





from those of a single spring. 

Load-deflection characteristics of asymmetrical 
nests may be worked out by superposition. 

Energy stored in symmetrical nests can be found 
by multiplying the energy stored in a single spring 
by the number of springs in the nest. To find the 
energy stored in asymmetrical nests, the area under 
the load-deflection curve is determined by graphical 
integration. 


Design Calculations: Factors that influence design 
of conical-disc springs as load-carrying elements 
fall into three groups: 


(1) Range of load-deflection values. 
(2) Choice of material and working stress. 
(3) Spring proportions and size. 


With the simplified equations and tables of co- 
efficient values provided here, a number of possible 
solutions to spring-design problems can be quickly 
worked out. The form of design approach and cal- 
culations in specific situations depends on what 
factors must be held to specific values, and what 
factors need only be held within an acceptable range. 
A simple design problem might require that only 
the load must be held to a specific value. 

For example, assume the only design requirement is 
that P = 100 lb. As mentioned previously, only two 
expressions, Equations 5a and 7, are necessary for 
design purposes. 

Material and working stress must be selected for 
evaluation of the A coefficients. Common design 
practice is to use an SAE 1095 carbon steel hardened 
to Rockwell C 47-50, and a working stress of 200,000 
psi if the springs are not subject to severe service. 
Thus, from Table 4, Ap 314 and Ain 0.0396. 

The B coefficients are functions of D/d, h/t, and 
k. If there are no restrictions, good practice is to 
make D/d = 1.8 which is the most efficient propor- 
tion. When h/t 1.6, the spring will give, within 
close limits, a constant force for a large deflection 
range. 

For design convenience, assume that solid height is 
the point of maximum deflection or 8/h k l. 
From Table 5 then, Bp = 0.079 and B:p = 0.420. 


From Equation Sa, 


[ 100 7 1/2 
D —_—_—_____ 2.01 in. 
L 314(0.079) 


and from Equation 7, t 0.0396 (0.420) (2.01) 
0.0334 in. Since assumed value of ratio D/d = 1.8, 
d 2.01/1.8 = 1.115 in. Similarly, for assumed 
h/t = 1.6, h 1.6 (0.0334) = 0.0535 in., complet- 
ing the design solution. 

As more qualifications are imposed on a design, 
the more difficult it is to find a solution. For ex- 
ample, assume that P = 100 lb and D = 3 in. are 
fixed requirements. One approach to the problem 
might be first to assume a material and working 
stress, thus establishing values for the A coefficients. 
If material is again a carbon steel with s = 200,000 
psi, then Ap and A;p will have the same values as in 
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the previous example. From Equation 5a, 


100 

14(3)2 rae 
If this value can be found in Table 5, the correspond- 
ing values of k, D/t, h/t, and B;p can be established 
and dimensions d, h, and t can be calculated. More 
than likely, finding the specific values of Bp and 
Bip in the table will require interpolation. From 
Table 5, a combination of values which gives Bp 
0.0354 is k 1, D/d = 4.5, and h/t 1.7. The 
h/t value was obtained by interpolation. 

Numerous other solutions are possible. An even 
greater range of possible solutions can be obtained 
by varying the selection of spring material and work- 
ing stress. 

Conical-disc springs used for energy storage are 
generally grouped into nests. The relatively short 
deflection range of a single spring limits the amount 
of energy that can be stored. Thus, one practical 
approach in the design of a nest of springs is to de- 
termine the energy capacity of a single spring of 
suitable dimensions, and then group as many springs 
in the nest as required. 

Consider an application in which 50 in.-lb of en- 
ergy must be stored by a nest of springs. For con- 
venience, it will be assumed that springs with the 
dimensions and characteristics established in the first 
example are to be used (P 100 lb, D/d 1.8, 
h/t = 1.6andk = 1). 

From Table 4, A, 
s = 200,000 psi. 
evaluated. From Table 6, U 
Table 7, 1/(By1)'/? 2.390. 
B, 0.820(2.390) = 1.960. Finally, from Equation 
8, V 0.00224 (1.960)(100)?-® 4.4 in.-lb. 
Number of springs N required in the nest is found 
by dividing the total energy required by the energy 
capacity of a single spring. If a fraction results, the 
next highest whole number is the solution. For the 
problem under discussion, N = 50/4.4 = 11.4. Thus, 
12 conical-dise springs must go into the nest. 


0.00224 for carbon steel with 
The coefficient By must now be 
0.820, and from 
From Table 3 then, 
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They Say... 


“No laboratory staff, however sophisticated and 
well financed, can hope to blanket all areas of a 
particular industry. It must pinpoint its attack in 
selected salients if it is to accomplish profitable 
breakthroughs. But, only with a clear knowledge 
of the desired corporate goals can it hope to mount 
a research effort consonant with these objectives.” 
—Emit Ort. director of research, and Cart Prut- 
TON, executive vice president, Food Machinery and 


Chemical Corp. 





ARC WELDING AT WORK Parrine COSTS 





Duplicating lathe made by R. K. LeBlond 
Machine Tool Co., Cincinnati, Ohio. Capacity / 
37' between centers. 


Planning for profit 
demands designing 
for lower cost 





a. MICS lets you use 
steel and save. For example, How you can use Weldynamics 


because this lathe template rail is :; hen ‘ 
Lincoln men, expert in Weldynamics, will help 
made of welded steel, it is 24% more you. They offer the best in technical advice on de- 
rigid, weighs 54.6% less, and costs a 


sign, procedures, equipment and electrodes. 


third less than its cast counterpart. Write for ‘Design Ideas”, tips on designing for 


It was also simpler to design, and welded steel, sent at no cost to designers. 








easier to fabricate and machine. 





The World’ Largest Manufacturer 
of Are Welding Equipment 


= Ase 
N 


THE LINCOLN ELECTRIC COMPANY, care. 1132, ¢ CLEVELAND 17, OHIO 
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Calculating Design Stresses 

In Weldments 

Omer Blodgett, The Lincoln Electric 

Ci 
Presentation of a new, simplified 
design approach for creating effi- 
cient machine weldments. Methods 
presented help designers to solve 
problems on how to design for 
welding. Standard design formulas 
are converted into nomographs, 
charts, and tables for quick and ac- 
curate use. 

AWS paper, “A Simplified Approach t 
Calculating Design Stresses,’ from AWS 


Spring Meeting, St. Louis, April, 1958; 


Design Features of 

Hot-Extruded Steel Sections 

R. L. Hugo, Jones & Laughlin Ste 

Corp 
A discussion of practical limitations 
on shapes which can be hot-extrud- 
ed from alloy and carbon steels. 
A description of the extrusion proc- 
ess and its applicability are includ- 
ed. Illustrations show practical tol- 
erances, radii, range of shapes, 
angles, and maximum dimensions 
which can be obtained by extrusion. 

ASTE paper 62, “Design Features and 
Cost Benefits of Hot-Extruded, Cold 
Drawn Steel Sections,’ from ASTE 26th 
Annual Meeting, Philadelphia, May, 1958; 
Q pp 


Effect of Welding Speed On 
Strength of Aluminum Joints 
William L. Burch, Bell Aircraft Corp 


Factors affecting tensile strength of 
welded-and-aged aluminum joints. 
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Relationship between strength of 
aluminum after aging to 


welding speed or heat input is dis- 


joints 


cussed. Materials include aluminum 
type 6061-T6. Report includes ten- 
sile and yield-strength determina 
tions, hardness surveys, and other 
metallurgical considerations. 

From AWS National Spring M 
Louis, April, 1958; 20 pr 


Lubrication Problems 


In High-Speed Gears 


I]. Dern, Steel Pr 


C 


A discussion of the lubrication 


problems involved in high-speed 


gear boxes. Included are design 
considerations for a particular gear 
box and an evaluation of design 
factors relative to performance. A 
discussion of the test results includ- 
ing the effect of short-time lubrica- 
tion failure is included. 

ASLE paper 58AM_ 6B-2, 

3th Annual Meeting, C 


SQ nf 


electrical 


Polyphase Motor Selection 
For Duty Cycle Applications 
G. C. Morris, Howell Electric Mot 
Co 


t 


Presentation of sa method used t 
determine where 


motors can be applied and where it 


general-purpose 


is necessary to use a specially de 
signed motor. Method is explained 
by means of a sample problem. Fac 
tors which 
ability for application are covered 

AIEE paper AIFE D 
Meeting, Lansing, Mich., May, 1958; 9 pr 


help determine suit- 


58-679, fron 


Selection and Application of 
Motors in Industry 
Robert G. Marsh, Allis-Cl 


( 


, : 1} 
A discussion of totally 


enclosed motor types and_ their 
suitability for various applications 
Characteristics and design features 
of each motor type are discussed in 
relation to their function. Installa 
tion and alignment problems ar 
reviewed. 

AIEE pape 0, from AIEE D 


‘4 


Power Sources 

For Induction Heating 

C. F. Schwan and A. J. Hu 
Reliance Electric and Engir 


Description of, and application dat 


for, power sources for inductior 


heating. Sources include gas-dis 


changers, vai 


oscillators, spar k-gap 


charge frequency 
um-tube 
clilators, mercury-nyarogen ga} 
cillators, magnetic frequency 
pliers, self-excited alternators, 
inductor alternators 

AJE! 98-7 


1 Huntinetor U \ 


\ 


Synchronized Drive Systems 

{ ] B he U ’ I 

( 
\ comparison of the adjustabl 
quency synchronous drive with the 
Synchrotie system. Comparisons aré 
drawn between operating features, 
characteristics, and limitations of 
both systems, and data on available 
starting, means, 


speed, protective 


power supply requirements, and 
pullout considerations are included. 
It is shown how both systems are 
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capable of operation as synchroniz- 
ing links between two or more ma- 
chines each driven by its own drive. 

AIEE paper 58-808, “A Comparison of 
Adjustable Frequency AC and Synchrotie 
Systems for Synchronized Drives,” from 
4JEE Summer General Meeting, Buffalo, 


June, 1958; 7 pr 


Selection of AC Motors 
By Torque Requirements 
C. H. Buchanan, General Electric Co. 


A compilation of speed-torque 
curves of NEMA-design 
motors. Included is a discussion of 
design features which are responsi- 
ble for the various torque charac- 
teristics. Starting methods and cur- 
rent requirements are included. 

AIEE paper 58-724, from AIEE District 
eting, Huntington, W. Va., May 1958; 


various 


wi 


AC-Controlled 
Magnetic Amplifiers 
E. W. Lehtonen and I 


Sperry Gyroscope C 


A. & 


Description of a method for con- 
trolling full-wave amplifiers with 
ac signals. The methods offer the 
following characteristics: No cur- 
rent-limiting resistors, no demodula- 
similar to dc con- 
trolled amplifiers, and high gain. 
This form of control combines the 
advantages of transistors and mag- 
netic amplifiers. 

AIEE paper 58-773, from AIEE Summer 


General Meeting, Buffalo, June, 1958; 13 


rr 
pi 


tor, response 


A New Control Amplifier 
R. E. Morgan, General Electric Co 


Presentation of a method for con- 
trolling the magnetic transistor am- 
plifier by a de current, a variable 
resistor, and a small integral mag- 
netic amplifier. Advantages of us- 
ing a combination oscillator and 
amplifier include reliability, com- 
pactness, fast response, and econo- 
my. 

' AIEE paper 58-858, “A New Control 
Amplifier Using a Saturable Current 
Transformer and a Switching Transistor,” 
from AIEE Summer General Meeting, 
Buffalo, June, 1958; 11 pp 


Electric Starting Of 

Aircraft Gas Turbines 

C. D. Fearnot, General Electric Co 
A discussion of the way in which 
a designer can minimize size and 
weight of electric starters. Require- 
ments of starters are discussed in 
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terms of small engine performance. 
An example of how design param- 
eters are analyzed by computers to 
aid designers in applying electric 
starters is included. 


AIEE paper 58-838, from AIEE Summer 
General Meeting, Buffalo, June, 1958; 6 pp. 


Advantages of a Pneumatic- 
Electrical Power System 
M. A. Slavin, General Electric Co. 


An analysis of the penalties asso- 
ciated with pneumatically driven 
electrical systems for high-speed air- 
craft and a comparison of these 
penalties with those of a_shaft- 
driven electrical system. Compari- 
sons are made on the basis of de- 
sign factors which include weight, 
cooling, volume, and power extrac- 
tion. 

AIEE paper 58-910, “The Advantages 
of a Pneumatic Electrical Power System 
For High Mach Number Aircraft,” from 
AIEE Summer General Meeting, Buffalo, 
June, 1958; 18 pp 


Induction Motor 

Temperature Characteristics 

]. F. Heidbreder, Westinghouse Elec- 

tric Corp 
A discussion of motor temperature 
limitations relative to insulation and 
mechanical stresses in the cage 
winding. Limitations are discussed 
and resulting limiting current-time 
characteristics are given for several 
motors. Included is a short method 
for predicting motor starting per- 
formance and several application 
aids. 

AIEE paper 55-761, from AIEE Summer 
General Meeting, Buffalo, June, 1958; 


13 pp 


Effect of Shaft Rotation 
On Bearing Temperatures 
A. H. Burr, Cornell University 


A method for predicting oil-film 
temperatures for shaft and _plain- 
bearing combinations by a heat bal- 
ance using heat-transfer data from 
recent studies of rotating cylinders. 

ASLE paper 58AM 4A-2, from ASLE 


13th Annual Meeting, Cleveland, April, 


1958; 17 pp 


Effect of Lubricant Viscosity 
On Ball Fatigue Life 


T. L. Carter and W. ] 
NACA 


Anderson, 


Results of investigations to deter- 


mine the effect of lubricants on the 
fatigue life of M-1 tool-steel balls. 
Included are the effects of viscosity 
and lubricant base stock on life of 
the balls. 

ASLE paper 58AM 5A-2, from ASLE 


13th Annual Meeting, Cleveland, April, 
1958; 11 pp. 


Ball Bearing Lubrication 

]. B. Accinelli and S. J]. Beaubien, Shell 

Development Co., and G. S. Reichen- 

bach, M. I. T. 

A report on friction and surface 
damage of contact areas of high- 
speed, axially loaded ball bearings 
at high temperatures. Included is 
an analysis of spinning as one of 
the major friction sources. Lubri- 
cants include silicone fluid, mineral 
oil, and a synthetic ester over a 
wide range of temperatures. Effects 
of additives used in mist-lubricated 
systems are covered. 

ASLE paper 58AM 2C-1, “Ball Spin 
Friction and Lubrication of High-Speed 
Thrust Ball Bearings,’ from ASLE 13th 
Annual Meeting, Cleveland, April, 1958; 
12 pp 


techniques 


Four-Pole Parameters 

In Vibration Testing 

Charles G. Malloy, Lockheed Aircraft 

Corp. 
A discussion of the wide applica- 
bility of the four-pole technique. 
Preliminary definitions and funda- 
mentals are discussed, and these are 
applied to problems pertinent to 
vibration testing. Application prob- 
lems include vibration isolation, 
shake tables, shock machines, and 
vibration pickups. 

IEE 2nd Annual Meeting, New York, 
April, 1958; 18 pp. 


AWS—American Welding Society Inc., 33 
West 39th St., New York 18, N. Y. 


ASTE—American Society of Tool Engi- 
neers, 10700 Puritan Ave., Detroit 38, 
Mich. 


ASLE—American Society of Lubrication 
Engineers, 84 East Randolph St., Chicago 
1, Ill; papers 35 cents to members, 50 
cents to nonmembers. 


AIEE—American Institute of Electrical En- 
gineers, 33 West 39th St., New York 18, 
N. Y.; papers 40 cents to members, 80 
cents to nonmembers. 
IEE—Institute of Environmental Engi- 
neers, 9 Spring St., Princeton, N. J. 
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uick guide to better printmaking 


FREE... this handy wall chart lets you put your 
finger right on the Kodagraph Reproduction 
Material which will give desired results in repro 
ducing all types of drawings or other originals in 
all types of printmaking equipment. 


Whether you do your own printmaking or orde1 
from a local blueprinter, you will find this chart a 


big help in the drafting room. 


It tells you, for example, which Kodagraph Ma- 


terials give you sharp, clean intermediate prints of 


® Kodagraph Autopositive Paper Extra Thin 
for high-quality photographic intermediates 
at lowest cost. 

@ Kodagraph Autopositive Paper Translucent 
for faster printing, more durable, easier-to- 
revise intermediates. 


©@ Kodagraph Autopositive Film for very 





negative-ty pe 


old soiled drawings; which ones are best for r¢ pro 


ducing blueprints, microfilm negatives, drawings 
with extremely fine detail 


(printed on durable pl is 


In addition, this chart 
ticized paper) brings you up to date on all the mate 
rials in the versatile Kodagraph and Kodalith lines 
Saves you thumbing through pages of data books tor 


information. Well worth sending for toda 


EASTMAN KODAK COMPANY 
Graphic Reproduction Division, Rochester 4, N.Y. 


fast-printing intermediates of highest quali 
® Kodagraph Contact Paper Translucent 

for fast-prinung, Gurabie, very high- 
intermediates 

® Kodagraph Repro-Negative Paper 


for black-line intermed 
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Helpful Literature 


for 


For copies of any literature listed, circle Item Number on Yellow Card — page 19 


Fabricated Metal Products 


Illustrations of many types of metal 
stampings, automotive and appliance parts, 
and textured metals offered by this com- 
ints » Sactadad ta this Inockwe. Ex. 
pany are included in this brochure. .X 
amples of etching, embossing, and metal 
decorating are shown. 12 pages. L. F 
Grammes & Sons Inc., Allentown, Pa. E 


Circle 601 on Page 19 


Single-Phase Motors 


Details on 14 to 1-hp single-phase mo- 


tors for belt driven fans and 
are offered in illustrated Brochure SEC9- 


82 Types and ratings, operational char- 


blowers 


acteristics, mountings, and dimensions are 
included. 4 pages. A. O. Smith Corp., 
Tipp City, Ohio. G 

Circle 602 on Page 19 


Electrical Insulations 
The complete range of 
varnish, and enamel insulations in the 


fabric, tape, 


Westinghouse line is discussed from a 
standpoint of grade type, characteristic, 
and applications in Bulletin B-7206. West- 
inghouse Electric Corp., Benolite plant, 
Manor, Pa. F 

Circle 603 on Page 19 


Fluorocarbon Plastic 

I le trical, 
chemical properties of Rulon, a “super-Tef- 
lon” fluorocarbon, are 


physical, mechanical, and 
compared with 
Proven applica- 

roven applica 
material are given. 


Teflon on data sheet. 
tions of the inert 
Dixon Corp., Plastics Div., Bris- 

B 

Circle 604 on Page 19 


Small Drives 


Shown in illustrated bulletin are low- 
cost differentials for up to 6-hp drives 
and combination pulley 
and clutch for these Same loads. 4 pages. 
Cizek Mfg. & Distributing Co., Clutier, 
Iow i I 

Circle 605 on Page 19 


variable speed 


Air Motor 
nonsparking 


Quick starts and 
characteristics, and no burnouts on stall- 


stops, 


ing are features of the 71A-1 Series air 
motor described in Bulletin 71-21. Mo- 
tors are suitable for either continuous 
or intermittent duty. Gardner-Denver 
1350 Front St., Quincy, Il. I 
Circle 606 on Page 19 


Electrical Products 


Describing a complete line of electrical 


products, 


Catalog C 758 covers pres- 
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SURE-connectors for  solderless splices 
and terminations, pres-SURE-blocks, one- 
piece terminal blocks, 4-way crimped 
terminals, Romex connectors, conduit 
Knock-out plugs, and_ cable 
staples. 12 pages. Buchanan Electrical 
Products Corp., Hillside, N. J. D 

Circle 607 on Page 19 


bushings, 


Two-Pin Lampholder 
The No. H2005-IL Minispace lamp- 
holder which allows the use of two-pin 
lamps in applications involving high 
ambient tempertaures, has a glass fiber 
base. Data sheet gives complete dimen- 
sional information. Drake Mfg. Co., 1711 
W. Hubbard St., Chicago 22, IIl. I 
Circle 608 on Page 19 


Tool Components 


Over 300 tool, jig, and fixture com- 
ponents are listed and shown in Catalog 
16. This condensed data book covers such 
items as clamps, studs, thumbscrews, swing 
washers, studs, screws, and round shaft- 
PIC Design Corp., 477 
EN. Y. 

D 
Circle 609 on Page 19 


ing. 32 pages. 
tlantic Ave., East Rockaway, L. 


Selenium Rectifiers 
Descriptive data and specifications for 
Syntron vacuum process rectifier plates 
and stacks, and for cartridge-type recti- 
fiers and stacks are furnished in Bulle- 
tin 45656-2. Twenty sizes range from 
| x 1 in. to 12 x 16 in. 8 pages. Syntron 
Co., Homer City, Pa. F 
Circle 610 on Page 19 


Casters 
Catalog 157-G lists casters for indus- 
try and other uses. These include light, 
light-medium, medium, medium-heavy, 
heavy, and extra-heavy duty 
spring-action and V-grooved wheel cast- 
ers; grease-sealed units; scaffold casters 
and floor truck locks; caster wheels; and 
furniture casters, sockets, and glides. 20 
pages. Faultless Caster Corp., Evansville, 
Ind. J 
Circle 611 on Page 19 


casters; 


Rotary & Swing Joints 


Bulletin BMP 101 deals with design de- 
tails and applications of ball joints for 
angular and swivel motion, revolving 
joints for continuous rotation, swivel 
joints for self-aligning swivel motion, and 
swing joints for swing motion. Sizes and 
pressure and temperature ratings are avail- 
able for practically every piping or equip- 
ment need. 4 pages. Barco Mfg. Co., 500 
Hough Ave., Barrington, II. J 

Circle 612 on Page 19 


Lighting Ideas 
Sixty ideas for incorporating lighting 
into a variety of products ranging from 
household appliances, through vending 
machines to commercial displays and signs 
are contained in “A Sketchbook for Prod- 
uct Designers.” Text points up added 
sales appeal, beauty, and utility factors. 
22 pages. General Electric Co., Nela Park, 
Cleveland 12, Ohio. F 
Circle 613 on Page 19 


High-Voltage Terminals 
Booklet covering application of alumina 
ceramic-to-metal terminals describes an 
improved sealing technique used in high- 
voltage terminal manufacture. Engineer- 
ing data and dimensional drawings are 
provided. 8 pages. Advanced Vacuum 
Products, Inc., Keasbey, N. a D 
Circle 614 on Page 19 


Check Valves 
Over 40 illustrations accompany descrip- 
tions of bronze and iron body check valves 
in Brochure V-63. Valves prevent return 
or back flow through pipe lines and are 
used on hot or cold water, oil, and gaso- 
line lines. 4 pages. Fairbanks Co., 393 
Lafayette St., New York 3, N. Y. D 
Circle 615 on Page 19 


Cold Finished Bars 
Revised Buyers’ Guide 12-5 to cold 
finished carbon steel bars lists 23 different 
types. Mechanical properties, formability, 
weldability, heat treatment response, ma- 
chinability, relative cost, shapes, and sizes 
are covered. 4 pages. Joseph T. Ryerson 
& Son, Inc., Box 8000-A, Chicago 80, 
Ill. I 
Circle 616 on Page 19 


Metals Chart 


One side of this metals chart shows 
melting points of metals in both Fahren- 
heit and centrigrade scales, whereas other 
side shows densities of metals, grouped 
into heavy, medium, and light classifica- 
tions. Fansteel Metallurgical Corp., Met- 
als and Fabrication Div., North Chicago, 
Ill. J 

Circle 617 on Page 19 


Thermocouple Tables 
Millivolts-to-degrees and  degrees-to- 
millivolts reference tables based upon the 
150° F reference temperature comprise this 
two-way bulletin. Tables facilitate the 
use of company’s heater type Thermo- 
couple Reference Junction. 10 pages. Pace 
Engineering Co., 6914 Beck Ave., North 
Hollywood, Calif. L 
Circle 618 on Page 19 
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Tomorrow’s ‘‘dream”’ is our job today! 


There’s more to the car of tomorrow than just futuristic styling! 
Automotive engineers are working to perfect completely new power 


plants—like turbine engines—to achieve yet-unheard-of perforn 
And they demand bearings that are as advanced 


\ 


ance and economy ! 
as their thinking. This is no new challenge to Bower engineers. 
glance at the design features listed at left will tell you a few of the 


many original Bower contributions to bearing performance which 
have reduced bearing maintenance and failure to a practical mini- 


mum. There are many more in the making. If your product is one 


HIGHER FLANGE which needs advanced bearings today plus realistic plant 
IMPROVES ROLLER ALIGNMENT the future. specify Bower. There’s a complete line ¢ 


ournal roller bearings for every field of transportation 


rf tapered, 


As shown by the gray area above, the straight and j 


higher flange provides a large two-zone nid kei Ratie 
contact area for the roller heads. This ane industry. 
greatly reduces wear—practically elimi- 
nates “end play”. Larger oil groove 
provides positive lubrication. FEDERAL-MOGUL-BOWER BEARINGS 


fae 
Oe BEARINGS 
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BOWER ROLLER BEARING DIVISION 
INC e DETROIT 14, MICHIGAN 
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For Prompt Service, 


COOPER- 
BESSEMER 


Engine, Boiler, Turbine, and Control Manufacturers specify... 


For changing lateral motion or power to vertical or transverse 
motion, many rod assembly designs are used. Some of the fac- 
tors which influence the design of a push-pull rod assembly are: 
Load — compression, tension, or vibration. 
Length — as it affects column strength. 
Space allotted — envelope dimensions. 
End fittings — method of attachment to adjacent operating 
units. 
The majority of rods used in linkages have male threaded ends 
to which an adjustable rod end bearing is attached. The rods may 
also be female threaded with a Heim Unibal male rod end bear- 
ing. This type of assembly presents some advantages in that the 
smallest diameter of the Unibal may be closer to the point of 
attachment. 

See illustration of both methods. 


OD > nee 


r Female threaded rod 
a with adjustable male 
unibal rod end 


bearing 


with adjustable fe- 
male unibal rod end 
bearing 


paceman - a © \ Male threaded rod 


‘a 
Because of the universal motion of the single ball, 
the Heim Unibal Bearing has the ability to correct 
shaft or linkage misalignment in all directions. 


Assembly is quick and simple. Greater load ratings 
for substantially smaller dimensions are attained. 


Many leading manufacturers of equipment requiring 
push-pull linkages depend on Heim Unibal. 


Call or write now for engineering advice and complete 
catalog. Also list of distributors and representatives. 


THE HEIM COMPANY FAIRE 12486, CORE. 


contact any one of our more than 150 distributing points across the country. 
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Miniature Switches 


Engineering Catalog G-300 covers the 

Grayhill line of miniature pushbotton o TO SUCCESSFUL DESIGNING 
switches, rotary switches, binding posts, 
test clips, and other components as to 
dimenisons and specifications. Eleven 
new products incorporated in catalog 
represent latest advances in miniaturiza- 
tion. 24 pages. Grayhill, Inc., 561 Hill- 
grove Ave., La Grange, III. I 
Circle 619 on Page 19 


ss § THE STRAI6HT PATH 


Hydraulic Pumps & Motors 


Outlining a complete line of hydraulic 
pumps, motors, and controls, Bulletin 146- 
E gives specification data sheet numbers 
for designers requiring detailed informa- 
tion on specific units. Service ratings 
range up to 5000 psi. 4 pages. Ameri- 
can Brake Shoe Co., Denison Engineer- 
ing Div., 1160 Dublin Rd., Columbus 16, 
Ohio. G 

Circle 620 on Page 19 


° ° 
Time Delay Timers 

Bulletin 300 is descriptive of line of 
synchronous motor driven, automatic re- 
set, time delay timers with various time 


cycles in the range of 1 second to 3 : 

hours. All are adjustable within their MODERN 
timing ranges. Contact ratings are 10 

amp on 115/230 v ac. 4 pages. Indus- 


trial Timer Corp., 1407 McCarter High- G J 
way, Newark 4, N. J. D ray ron 


Circle 621 on Page 19 


Solenoid Valves C A s) T I N G s) 


Specifications, construction data, serv- 
ice ratings, and dimensions are presented 
in Bulletin 700-Q on normally closed 
and normally open solenoid valves in 3% 
to 3 in. NPT sizes. Valves are rated to 
400 psi for air, gas, steam, and light oil 
service. 2 pages. J. D. Gould Co., 4707 @ In the light of recent developments, the straight path to successful designing is 
Massachusetts Ave., Indianapolis 18, Ind. modern gray iron castings. Here’s why: 
J FIRST, the directness of the casting process saves valuable engineering time 
Circle 622 on Page 19 in designing. 
SECOND, gray iron’s range of properties has been greatly improved —ductile 
Miniature Lampholders irons are now available. 
THIRD, in automatic processes it is much easier to process a single casting than 
units made out of component parts. 


Dimensional and mounting information 
on two-pin miniature lampholders is given 
in data sheet. Thirteen combinations of 
brackets for varying needs are shown. 
Advantages of the two-pin lamp are cited 
as fast assembly and replacement, vibra- 
tion resistance, and shockproof design. | 


page. Drake Mfg. Co., 1711 W. Hubbard 


St., Chicago 22, Ill. I EW 
Circle 623 on Page 19 


Packaged Drives 620 Page 


Complete engineering and application 
data on the Ultraflex line of adjustable 
speed direct-current packaged drives are To help you design successfully 


sive i ti IN_6 TNI_@5 and economically, the Gray Iron 
given in Bulletins EN-64 and EN-65. Genniad Maahew tas qonuplled 


First described is the Ultraflex E, a 1 this 620-page handbook. Just off 

to 40-hp drive which uses electronic the press, this valuable reference 

Baas Lae: ae Caenil tek has hundreds of suggestions on 

tubes or power ct nversion. : econ¢ m 0 = how to improve products and cut 

let details the Ultraflex M drive in sizes manufacturing costs. Covers 263 

from | to 200 hp which uses magnetic subjects on properly designing, 
tae , fs a. purchasing and applying gray 

amplifiers for power conversion. 12 pages and ductile iron castiags. 

each. Cutler-Hammer, Inc., 328 N. 

Twelfth St., Milwaukee 1, Wis. K 


Circle 624 on Page 19 TIME TO DESIGN WITH MODERN GRAY IRON CASTINGS! 


For these reasons, plus the traditional ease of production of castings direct from 
molten metal to finished product, make modern gray iron castings your first 
consideration. 


GRAY IRON FOUNDERS’ SOCIETY INC. 


National City-East Sixth Building 
Cleveland 14, Ohio 


FREE EXAMINATION. At the end of the examination 
period I will remit $10 


0) $10 enclosed 
0 Purchase 


Name—___ 
Company— 


Address_—_ 





City. ne tate 
| 





| 
| 
| 
| 
| 
| ; ; = 
| Please send your 620-page handbook for TEN DAYS 
| 
| 
| 
| 
| 
i 
i 
| 
| 
] 
' 
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custom-designed LORD flexible couplings 
provide improved equipment performance 





Business machine application — This coupling is uniquely 
applied in series of four pieces in gear train of business 
machine. Bonded rubber construction virtually eliminates 
noise transmission and accommodates shaft misalignment, 
assuring fast, accurate operation. Special elastomer con- 
tour imparts exact degree of torsional stiffness required. 


BONDED RUBBER SPOOL 


DRIVING AND DRIVEN SHAFTS 


; £€ 
p | ae 














== / 4 





FLEXIBLE COUPLING 


Home appliance application — Special close-tolerance 
coupling transmits high motor torque in rugged washer- 
dryer application. Custom-compounded elastomer with- 
stands high operating temperatures. Coupling accommo- 
dates 2° shaft misalignment, reduces noise and bear- 
ing wear. 


END PLATE END PLATE 


oad 


(16 PER ASSEMBLY) 





FLEXIBLE COUPLING 
ASSEMBLY 














BONDED RUBBER COUPLING 


Marine application —- Custom-designed, non-magnetic 
coupling assembly, used on minesweeper main propulsion 
shaft, attenuates noise and accommodates shaft misalign- 
ment. Rated at 15,400 in.-lb. torque, it accommodates 
continuous misalignment of 34” and momentary misalign- 
ment of 144” in all directions. Coupling is typical of 
high horsepower applications featuring optional fail- 
safe protection. 


Railroad application — Special bonded 
rubber spools in this auxiliary drive 
coupling assembly protect gear case 
from multiple torsional disturbances. 
Assembly consists of 16 spools applied 
between spring stee! plates. Spoois pro- 
vide soft torsional spring rate required 
to protect gear case and eliminate vi- 
bration-caused gear failure. 


tough operating conditions. Torque capacities from 
inch-ounces to foot-tons. 

Bring your flexible coupling problems to Lord where 
you will find complete research, test and production 
facilities. Here, 20 years of engineering experience in 
flexible coupling design can produce an accurate solution 
for your application. 

Contact your nearest Lord Field Engineer or the 
Home Office, Erie, Pennsylvania. 


You will get optimum product performance with special 
Lord Flexible Couplings regardless of the specific re- 
quirements of your application. 

Here are the performance benefits you can obtain. 
Efficient isolation of torsional vibration and shock. Ac- 
commodation of all misalignment—angular, parallel and 
axial. Smooth, quiet, constant speed transmission of 
power with no backlash. No lubrication or maintenance. 
Extreme overload protection. Long service life despite 


ENGINEERING OFFICES 


DAYTON, ¢ 


DETROIT, MICH 


FIELD 


ATLANTA, GEORGIA 
BOSTON, MASS 

iL Michigan 2-601 KANSAS 
ANGELES, CAL 
NEW YORK, N.Y 


BAidwin 4 
Diamond 1.4340 
WEstport 1 
HOllywood 
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HICA CITY, MO 
SLEVELAND, OHIO - SHadyside 9-3175 LO 
A 


DALL 


0 


ONDED RuBEe™ 








>, TEXAS - Riverside 1-339 


HILADELPHIA, PA 





PEnnypacker § 


lwa & Power Engineering Corporation Limited 


LORD MANUFACTURING COMPANY - ERIE, PA. 
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HELPFUL LITERATURE 


Space-Saving Motors 
Uses and characteristics of the Peerless 
line of Spacesaver motors in ratings fron 
', to 10 hp are presented in Bulletin 
SP-1. Units are reportedly as much as 
50 per cent smaller than conventional 
motors with the same horsepower ratings 
Peerless Electric Co., Motor Div., War- 
ren, Ohio. G 
Circle 625 on Page 19 


Thermistors 


Fifteen different thermistor circuits and 


almost 400 thermistors are described in 
illustrated Catalog EMC-2. Thermistor 
assemblies, matched pairs, beads, discs, 
washers, rods, and probes are covered 
Basic properties and characteristics are 
given. 16 pages. Fenwal Electronics, Inc., 
Mellen St., Framingham, Mass. B 

Circle 626 on Page 19 


° ° 
Evaluating Print Paper 

“Checklist tant 
Evaluating Print Quality” 
pare print quality impartially, to aid 
ing of reproduction personnel, and 
suggest practical testing techniques inv 
ing diazo-type prints. Frederick Post Co., 
Box 803, Chicago 90, Ill ] 

Circle 627 on Page 19 


Variable Displacement te 


An integral, infinitely ad 
ire unloading control with a 
l psi and adjustable 
] in. per minute are features 
the Power Saver variable displacen 


um Ps subject of illustrated Bulletin < 


t 
t 
pt 
Features, operational data, 
t 


ions are included. 4 pages 


700 W Pie rce St., Milw 1 


Circle 628 on Page 19 


Electrical Connector 
AMP-lok connector car 
through-panel, or free-| 
connector. ts Tteatures 
are pointed up in Form 4 
AMP Inc., Harrisburg, Pa. 
Circle 629 on Page 19 


Indicating Flowmeters 

Ranges, scales, pressures, and mechani 
cal details of a line of Seico indicating 
flowmeters for use ith 
liquids are furnished 
It also explains the mov bl 
ple of these flowmeters and 
systems of indicatior 
Fuel Engineering Co 
Div., Rockford, IIl. 

Circle 630 on Page 19 


Printed Circuits, Laminates 


Norplex printed circuits, copper-clad 
laminates, base laminates, and fabricated 
parts are discussed in folder. It provides 


NEMA values, design recommendations, 
and tolerances. 4 pages. Northern Plas 


tics Corp., LaCrosse, Wis K 
Circle 631 on Page 19 
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for increased production . . . 
minimum down-time . 


lower costs... 


specify 


AIR and HYDRAULIC CYLINDERS 


SERIES H 


Rated 2,000 psi hydraulic. Complete 
range of mounting types. Precision-honed 


seamless steel tube. 


SERIES A 


Rated 200 psi air and up to 500 
psi oil or water, 23 mounting types. 
Corrosion-resistant, precision-honed, 
hi-tensile brass tube. 


floating cushions—uniform cushioning—long life—fully adjustable 


easily removed cartridge-type rod seals with integral rod wiper 


choice of rod sizes for all applications—rods heat-treated and hard chrome 
plated for resistance to nicking and scoring 


steel heads and end plates for strength and positive alignment 


all ferrous parts rust-proofed 


Before you buy any cylinder, con- 
sider the quality design and construc- 
tion features of S-P air and hydraulic 
cylinders —features that will assure 
dependable performance . . . long 
service life . . . minimum down-time 

. lowest end cost. 


for speed 


and 


Representatives in principal cities. 
Phone or write for Catalogs 

No. 110B (Series A) 
performance and No. 104A (Series ). 


What's your cylinder problem? 
We'd like to help you solve it—a 
phone call will bring our represen- 
tative on the double. Prompt deliv- 
eries, too. The S-P Manufacturing 
Corporation, 30201 Aurora Road, 
Solon, Ohio. 


Find us fast || 
in the 
| “Yellow Pages 


NON-ROTATING AIR AND HYDRAULIC CYLINDERS * ROTATING AIR AND HYDRAULIC 
CYLINDERS © POWER CHUCKS © COLLET AND DRILL PRESS CHUCKS © VALVES 
ACCESSORIES 


A BASSETT COMPANY ° IN GREATER CLEVELAND Ld 


ESTABLISHED 1916 
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prompt delivery 


2 ; Precision Metal Strip 
in fel || sizes On Designed to aid the electronics or de- 
{i sign engineer in selecting the right pre- 
ACME cision-rolled metal strip for miniaturiza- 


° tion, nuclear, electrical, aircraft, or in- 

GETS THE CHAIN chains, sprockets, strumentation use, illustrated pamphlet is 
° entitled “Electronics Precision Strip Selec- 

couplings tor.” Practically all metals are available 


TO You WHEN in thicknesses down to 0.005 in. Ameri- 


in any quantity can Silver Co., 36-07 Prince St., Flushing 
YOU NEED IT from your Distributor 54, N. Y. D 
Circle 632 on Page 19 


Chemical Pumps 


High pressure, zero leakage, canned 


No costly delays when you 6 Se at es - pumps in capacities to 350 gpm and heads 


e A yz! : : to 250 ft are described and_ illustrated 
specify ACME ye ee = in Bulletin 1070. Line pressures to 3000 
= ye £ ; psi and higher are handled by the seal- 
less centrifugal motor pumps. 4 _ pages. 
Chempump Corp., 1300 E. Mermaid Lane, 
tr at Sl ‘ : a eee Philadelphia 18, Pa. E 
With Acme you can be sure there paid Geen teen 30 
won't be any costly delays or pro- ; 
Helical Gear Drives 
: : sia . Folder 2651A, a supplement to Book 
of non-availability of replacement : 2651, provides horsepower ratings, dimen- 
parts. We back our Industrial ae as ae ° sions, mounting information, and a resume 
—— ‘ ; of construction principles relative to a 
Distributors with complete stocks { : new quadruple reduction gear drive. 
Similar data on new double and triple 
; reduction helical gear drives are given. 
Double Pitch Chains and Sprock- Capacities range up to more than 200 
hp. 6 pages. Link-Belt Co., Dept. PR, 
Prudential Plaza, Chicago 1, Il. J 
in case of emergency. Circle 634 on Page 19 


duction line shut-downs because 


of all standard Roller Chains, 


ets ready for immediate shipment 


Capacitor-Start Motors 
Design and engineering features of Bal- 
tric line of Streamcooled TEFC capacitor- 
many Acme Services that assures start motors are given in Bulletin 700. 
Speed, frame type, NEMA number, and 
prices are given for !/4, to 2-hp models on 
tion efficiency and economy. Call price sheet. 3 pages. Baldor Electric Co., 
ad : ae 4353 Ducan Ave., St. Louis 10, Mo. I 
on us at any time for Engineering Circle 635 on Page 19 


On Time Delivery is but one of 


customers of maximum produc- 


Service and advice. 
Float Valves 
Auxiliary-actuated Type 214 and 216 
float valves which permit control of liquid 
ae aeht, 1 aie t 2? 1s s 
incl Nil Mie i levels within 1-in. limits in open or 
iMustrated 100 page . closed vessels are subject of illustrated 
catalog which includes s Mae: ee, Catalog Sheet V. Inlet pressure range is 
new engineering section > » - » a r . 
showing 36 methods of 15 to 150 psi. 2 pages. Atlas Valve Co., 
lleme chain driving. 280 South St., Newark 5, N. J. D 
Thain Circle 636 on Page 19 


Stainless Hose Clamps 
Hose clamps made of stainless steel 
and adaptable for automotive, aircraft, 
and industrial uses are described in series 
of bulletins. Also covered are plated steel 
types. 12 pages. Wittek Mfg. Co., 4305- 
37 W. 24th Place, Chicago 23, Ill. J 
Circle 637 on Page 19 


sii Dirt Regulating Valves 


MASSACHUSETTS Flowrite single-seal valves for control 

San Cocuion and regulation of fluids at pressures to 

125 psi are available in '/ to 6-in. sizes. 

Capacity and design details are given 

COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS * DOUBLE PITCH CON- in Bulletin 344-S. 4 pages. Power Regu- 
VEYOR CHAINS ¢ STAINLESS STEEL CHAINS * CABLE CHAINS ¢ FLEXIBLE lator Co., Skokie, II. I 
COUPLINGS * STANDARD AND SPECIAL ATTACHMENTS Circle 638 on Page 19 
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OIL COOLING BY 


Blazing ingots thinned to glowing slabs 
in this Mesta Mill 


HEAVY SHOCK LOADS, scorching heat and continuous operation — 
they’re all part of the job as this Mesta Universal Reversing Slabbing 
Mill rolls red hot steel ingots into slabs. 

UNDER THESE SEVERE conditions where working temperatures of gears 
and bearings will often exceed 200°F., temperature-safe lubrication 
is a prime requirement. Even a lubrication failure at a minor point 
could shut down the entire mill. 

THAT'S WHY Mesta selected two Ross Type CP Exchangers to pro- 
vide dependable cooling of the circulating oil. Roll neck bearings, 
main drive gears and all hard working parts are given continuous 
protection by oil at the right temperature and right viscosity. 
THROUGHOUT the metal industry, Ross Exchangers are counted on 
to safeguard the performance of engines, compressors, extrusion 
presses, metal drawing presses, welders, die casting machines, speed 
changers and other prime equipment. They’re top-rated for thermal 
efficiency and ruggedness. 

COMPACT IN DESIGN, easy to install and easy to maintain, Ross 


* 
Amenican-Standard and Standard ® are trademarks of 
American Radiator & Standard Sanitary Corporation 


:) American-Standard 


ROSS HEAT EXCHANGER DIVISION 
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Exchangers are pre-engineered and fully 
standardized in a wide range of sizes to 
meet your heat transfer requircments 


For detailed informa- 
tion, send coupon 
below requesting Bul- 
letin 2.1KS5. 


American-Standard 

Ross Heat Exchanger Division 

Buffalo 5, N. Y 

Please send, without obligation, your 
Bulletin 2.1K5 describing Ross Type 
CP Exchangers 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





Why Use Less Than Chemlon* 
Packings In Your 
Hydraulic Cylinders 


PISTON 
CUP 


FLANGE 


Hydraulic equipment manufacturers are now taking a second look 
at the many advantages of “John Crane’? CHEMLON hydraulic 
packings and offering them in place of leather, fabric-reinforced 
and similar packings. 

THE REASON . . . CHEMLON provides several very important 
service advantages. 


1. Increased cylinder life due to the inherent non-frictional 
qualities of CHEMLON. 


Longer packing service life—CHEMLON outlasts all 
other types of packing to a remarkable degree . . . decidedly 
cuts replacement, down time and maintenance. 


Universal application—CHEMLON’S inertness to all 
types of hydraulic fluids, including non-flammables and 
synthetics . . . eliminates the need for customers stocking 
a wide range of special packings. 


Trouble-free performance— CHEMLON withstands tem- 
perature conditions encountered in hydraulic service up 
to 350°F. 

‘John Crane’ CHEMLON-The Best in Teflon— 

offers a complete line of piston cup,‘‘U”’ cup and 

flange packing for every service requirement. 


Get the new bulletin No. P-322 on ‘John 
Crane’’ Hydraulic Packings. 


Crane Packing Co., 6425 Oakton St., Morton 
Grove, Ill. (Chicago Suburb). Zn Canada: Crane 


Packing Co., Ltd.. Hamilton, Ont *"John Crane” fabricated 
from DuPont Teflon 


LAPPING MACHINES THREAD COMPOUNDS 


CRANE ThOCKING COMPANY 
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Precision Potentiometers 


Included in Data Sheet 1273 are di 
mensional drawings, table of coil charac- 
teristics for resistance values from 350 to 
450,000 ohms, and other information on 
Series 7600 10-turn precision potentiome- 
ters. 4 pages. Beckman/Helipot Corp., 
Newport Beach, Calif. § 

Circle 639 on Page 19 


Phenolic Products 


26 from Sweet’s “Product De 
sign File,” Catalog CDC-344 gives design 
information on a _ complete line of 
phenolic resins, varnishes, and molding 
powders. Included are technical data, 
properties, and features of these materials. 
12 pages. General Electric Co., Chemical 
Materials Dept., 1 Plastics Ave., Pitts- 
field, Mass. B 

Circle 640 on Page 19 


Rotary Power Units 


Controlled by an external mechanical 
signal, Series 6000 pneumatic power units 
provide up to 210 lb-in. maximum torque 
at 10,000 rpm with 300-psi air. Units 
are available in ratings from 0.66 to 30 
hp. They are detailed in Product Data 
Sheet 114-1A. 2 pages. Lear Grand 
Rapids Div., 110 Ionia Ave. N. W., 
Grand Rapids 2, Mich. H 

Circle 641 on Page 19 


Clutch 


Exactuators are high speed clutches 
which engage in less than | millisecond 
Details of these electro-mechanical units 
are given in Bulletin C-l. They operate 
on up to 13 v de and provide up t 
32 oz-in. torque. 1 page. Norman Hard 
Associates, Box 97, Wyncote, Pa. I 

Circle 642 on Page 19 


Speed-Changing Drive 
Usable on drill presses and other ma 
chines requiring up to 34 hp, Insta-Matic 
drive permits speeds to be changed while 
machine is running. Full details are 
given in illustrated bulletin. 2 page 
Alda Plastics & Mfg. Co., 2601 Nortor 
Ave., Lynwood, Calif. M 
Circle 643 on Page 19 


Propellant Actuated Units 
Guillotine type cutters, destructors, ele 
trical disconnects, frangible fasteners, ig 
niters, and valves are among the prod 
ucts which use propellant cells for their 
initiating power. Typical circuits are 
shown in descriptive Bulletin PAD-358. 4 
pages. Beckman & Whitley, Inc., 973 E. 
San Carlos Ave., San Carlos, Calif. M 
Circle 644 on Page 19 


Aircraft-Missile Switches 


“Custom Designed Switches for Air 
craft and Missile Applications” is title of 
brochure which covers ten representative 
switches designed expressly for these serv 
ices. Results of environmental tests are 
listed. 6 pages. Airtron, Inc., 1096 W. 
Elizabeth Ave., Linden, N. J. D 

Circle 645 on Page 19 
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Static Eliminator 
“Static Can Be Fun” is title of illus- 
trated folder which lets you perform some 
Static experiments with a sheet of Mylar 
film. It goes on to point out that static 
can slow down production and that by 
use of Simco static eliminators (described 
and illustrated) the trouble can be 
stopped. Various applications are shown. 
4 pages. Simco Co., 920 Walnut St., 
Lansdale, Pa. E 
Circle 646 on Page 19 


Hydraulic Pumps 
Capacities up to 25 gpm are offered in 
line of hydraulic pumps with inter- 
changeable pump cartridges. Described in 
illustrated Bulletin 209-160, they are of 
fered with speeds up to 60,000 rpm 
pressures to 4000 psi. Design features, 
characteristics, and operational details are 
given. 4 pages. General Metals Corp., 
Adel Precision Products Div., 1O777 Van 
owen St., Burbank, Calif. I 
Circle 647 on Page 19 


Stainless Tubing 
How the use of the correct type 
stainless steel mechanical tubing will 
sult in savings to the manufacturer is 
related in Technical Bulletin TB-365A 
Tolerance tables cover diameter, ovality, 
wall thickness, straightness, length, and 
machining allowances for seamless a 
welded tubing. 8 pages. Babcock & Wil- 
cox Co., Beaver Falls, Pa. Cc 
Circle 648 on Page 19 


Production Facilities 


Manufacturing capabilities of « 


in regard to such factors as humidity, 


shock, sand, dust, salt spray, acceleration, 
altitude, temperature, and vibration 
their transducers, inertia switches 
celerometers, pitch-yaw indicators, 
pendulums are cited in “Facilities” bull 
tin. Edcliff Instruments, 1711 S. Moun- 
Ave., Monrovia, Calif I 
Circle 649 on Page 19 


Adjustable Speed Drives 

Packaged direct current adjustable speed 
drives from 3 to 150 hp are described 
and illustrated in Bulletin GEA-6643. 


] my) ad md 


Units are rated 440, 55 

phase, 60 cycles. Bulletin 

power unit data slide rule for 

case dimensions, horsepower, speed, m« 

tor frame size, etc. 16 pages. General 

Electric Co., Schenectady 5, N. Y C 
Circle 650 on Page 19 


Research & Production 
The story of company’s personnel; re- 
search, production, and development fa 
cilities; and product activities is related 
in Bulletin 8-1-258. Laboratory facilities 
include those in the fields of electronics, 
equipment production, transformers, and 
nuclear devices. 8 pages. Levinthal Elec 
tronic Products, Inc., Stanford Industrial 
Park, Palo Alto, Calif. I 
Circle 651 on Page 19 


September 4, 1958 


> 


% 


'Reme 


POWDERED 
METAL PARTS 


now go into 
De Warr POWER SAW 


and attachments 


® This Remet collar reduced part cost 80%. For- 
merly a precision casting in beryllium copper, 
it is now a Remet copper infiltrated pow- 
dered iron part. Advantages led to DeWalt 
specifying 11 different powdered metal parts by Remet. 


@ DeWalt now offers greater saw accuracy thru 
maintenance of closer tolerances. 

@ “You can depend on Remet for better service, 
fast delivery,” states A. C. Wedge, V.P., 
Mfg., DeWalt Div., American 
Machine & Foundry Company. 


FREE, NEW BROCHURE “How to Cut Precision Parts Costs with 
the Remet Powdered Metal Process” gives complete information. 


Send for your copy today. 


g a 4 Gears * Pinions * Cams * Ratchets 
@iimi q “Oilless” Bearings * Bushings * Ma- 
. P chine and Structural Parts in 


COPPER * BRASS * IRON * ALLOY 
REESE METAL PRODUCTS CORPORATION sve. ¢ ince uum © Coseen 


537 Howard Ave., Lancaster 11, Penna. INFILTRATED IRON 


DURAKOOL 


Tilt Switches 
are the Life of your 
Automatic Controls 


Circle 488 on Page 19 


OF CYCLES 
FALTERING 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


ALL- STEEL 
MERCURY 


Circle 489 on Page 19 





your manual 


machines with 
Industrial Hydraulic 
Components 


Modernize and automate your existing 
machines with ADEL Hydraulic Pumps, 
Motors and Control Valves. 

Machine builders for the industrial, 
construction and agricultural fields specify 
ADEL components as standard equipment. 


PILOT OR SOLENOID 
OPERATED VALVES 


DIRECTIONAL 
CONTROL VALVES 


VOLUME (FLOW) 
CONTROL VALVES 


ADEL Hydraulics’ experience in the design, develop- 
ment and precision production of hydraulic equip- 
ment has produced components of unusual reliability, 
efficiency and economy. These proven Pumps, Motors 
and Control Valves, available in a wide variety of 
types, sizes and mountings, may mean new economies 
in your hydraulic system costs. 

Complete engineering specifications are available 
upon request. 


PRECISION 
PRODUCTS 


A DIVISION OF GENERAL METALS CORPORATION 
1444 WASHINGTON AVENUE, HUNTINGTON 4, WEST VIRGINIA 
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utomates 


GEAR-TYPE 
HYDRAULIC PUMPS 


DISTRIBUTORS: 


ARIZONA 

Air-Draulics Company 

3135 N. 29th Ave., Phoenix 
CALIFORNIA 

Calpacific Equipment Co 

50 Hawthorne St., San Francisco 5 

Teglen Engineering Co., inc 

1942 Huntington Dr., So. Pasadena 
COLORADO 

E. C. Wild Company 

695 So. Garfieid St., Denver 9 
CONNECTICUT 

Air & Hydraulic Engineering Co., inc 

96A Howe St., New Haven 
INDIANA 

Neff Engineering Company 

2509 Washington Ave., Evansville 

2339 Crescent Ave., Ft. Wayne 3 

6101 College Ave., Indianapolis 

707 So. Eddy St., South Bend 
MASSACHUSETTS 

Lincoln Supply Company 

53 State St., Boston 

340 Main St., Worcester 
MICHIGAN 

Hydro-Mechanical Supply Co 

510 Shattuck Rd., Saginaw 

industrial Air & Hydraulic 

Equipment Company 

13324 Kercheval! Ave., Detroit 15 
MINNESOTA 

Ringerud Equipment Co 

Edina Branch, Minneapolis 
MISSOURI 

Cerdy Supply Company 

3942 W. Pine Bivd., St. Louis 
NEW JERSEY 

Air & Hydraulic Equipment Co 

86 Hudson St., Hackensack 
NEW YORK 

Tri-State Supply Co 

11 Stone Ave., Brooklyn 33 
OHIO 

industrial Air & Hydraulic 

Equipment Company 

308 E. Front St., Perrysburg 

Wyatt Sales Corporation 

1900 Euclid Ave., Cleveland 15 
OREGON 

Ray Bobbs Air-Draulics inc 

218 S.E. 12th Ave., Portiand 14 
PENNSYLVANIA 

Airline Equipment Co., Inc 

301 E. Hunting Park Ave., Phila 

Frank T. Donnelley Company 

P. 0. Box 11527, Pittsburgh 38 
RHODE ISLAND 

Lincoin Supply Company 

1139 Main St., Pawtucket 
WASHINGTON 

Ray Bobbs Air-Draulics Inc., Seattie 
WISCONSIN 

Neff Engineering Company 

5856 N. Port Washington Rd 

Milwaukee 17 
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Investment Casting 
Investment casting is described, and 
when and why it should be used in 
preference to other casting methods is re- 
lated in Catalog 201. Company invest- 
ment casting facilities are described. 2 
pages. Alloy Steel Casting Co., 107 
County Line Rd., Southampton, Pa. E 
Circle 652 on Page 19 


Drafting Templates 
Line of symbol, circle, ellipse, alphabet, 
and other templates used by engineers, 
draftsmen, and others is illustrated in 
Catalog 58. Twenty-eight different tem 
plates and sets are described and their 
prices given. All are made of 0.020-in. 
plastic. 8 pages. Timely Products Co., 
Box 416, Basil, Ohio. G 
Circle 653 on Page 19 


Silicon Rectifiers 
Basic types of selenium, copper oxide, 
and silicon rectifiers are illustrated and 
briefly described in folder. Dimensional 
data, electrical characteristics, temperature 
ranges, and types of packaging and finishes 
available are given. 4 pages. Bradley 
Laboratories, Inc., New Haven 11, Conn. 
B 


Circle 654 on Page 19 


Rotary Torque Actuators 
Design, construction features, specifica- 
tions, and application data for Rotac ro- 
tary oscillating torque actuators are found 
in illustrated Catalog 26282. Motion is 
limited to maximum arc of 280 degrees. 
Use of two vanes doubles power. 20 
pages. Ex-Cell-O Corp., 1200 Oakman 
Blvd., Detroit 32, Mich. H 
Circle 655 on Page 19 


Casters & Wheels 


Specifications, features, suggested uses, 
mounting dimensions, and capacity rat- 
ings for each series of industrial casters 
and wheels are presented in_ illustrated 
Catalog 59. Section is also devoted to 
custom-built casters. 44 pages. Albion 
Industries, Inc., Albion, Mich. H 

Circle 656 on Page 19 


one 
Composition Contacts 

Composition electrical contacts produced 
from metal powder combinations are de- 
scribed in Manual 12-A on selection and 
use. Materials are combined to take ad- 
vantage of each material or to obtain 
properties not present in separate ma- 
terials. Factors influencing selection are 
covered, along with properties. 54 pages. 
Reauest on company letterhead from 
Stackpole Carbon Co., St. Marys, Pa. N 


2-:D & 3-D Cams 


Design and functions of two and three- 
dimensional cams, their uses, and formulas 
are detailed in illustrated booklet. Why 
3-D cams are used and their mechanics 
and engineering are covered. Examples 
of special 3-D cams are shown. 12 pages. 
Request on company letterhead from 
Parker-Hartford Corp., 652 Franklin Ave., 
Hartford, Conn. B 
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is your problem 


Strength? 


NATIONAL STEEL CASTINGS 


are the answer 


NATIONAL 


Established 1868 


MALLEABLE 
and STEEL 


CASTINGS 


COMPANY 


Cleveland 6, Ohio 
Circle 491 on Page 19 








Nowhere is strength more 


important than in marine 
anchor chain. Resistance to 
corrosive salt water and resistance 
to abrasion between links are 


important, 


too. These properties, in 


full measure, are among the reasons why 
Naco cast steel anchor chain rates so high. 


If these properties are important to your 

product, better look into steel castings by 
National. And remember, with National you get 
all the advantages of dealing with one strong 

company possessing the unparalleled facilities of 

many plants. 

In brief, when you buy steel castings from National you 

get single-source responsibility with multiple-source flexibility. 


AA-7460 





IMPORTANT PHYSICAL PROPERTIES 





Brinell 
Yield, psi 


Uitimate, psi 


140 to 500* 
30,000 to 210,000* 


60,000 to 240,000* 





Elongation, % 24to2 








*Depending upon grade 





New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Miniature Differential 


is two-pinion, 
hollow-shaft unit 


Developed for additive or subtrac- 
Model 36 minia- 
hollow-shaft  dif- 
precise 


tive operations, 
ture two-pinion, 
ferential 
analog component that accepts two 
variables as inputs. Variables may 
be in the form of angular shaft mo- 
tion or shaft speed. Adding or sub- 
inputs, differential 
provides resultant as output shaft 


functions as a 


tracting these 


rotation. Use of hollow-spider 
shaft permits flexibility in position- 
ing differential on output member. 
Shaft size for the unit is 3/16 in. 
Differential has low inertia and 
torque characteristics with mini- 
mum backlash. Maximum recom- 
mended gear-input speed is 1200 
rpm with maximum static load of 
Principal application is in 
analog computing mechanisms, with 
other uses in fire-control 
nisms, flow-totalizing meters, rate- 
computers, and_ other 
electromechanical equipment where 
shaft rotations are compared. Com- 
mercial Div., Librascope Inc., 40) E. 
Verdugo Ave., Burbank, Calif. L 
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6 oz-in. 
mecha- 


of-« hange 


Thin-Section Bearings 


have one-piece retainer 
and no loading slots 


High-precision, thin-section, retain- 
er-type instrument ball bearings are 


available in sixteen sizes with bores 
from 34 to 3 1/16 in. Designated 
Type TCR, bearings have light, 
one-piece retainers with maximum 
ball complements, and continuous- 
race shoulders without filling slots, 
utilizing full thrust and radial ca- 
pacity potential. Bearings are avail- 
able in 52100 bearing steel or 440C 
stainless steel. Standard retainer 
is fiber-reinforced, pressure-molded 
phenolic, with stamped one-piece, 
stainless-steel retainers also avail- 
able. Dimensions are to standards 
for AFBMA B-500 series. Bearings 
are for use wherever space and 
weight savings are important. Split 
Ballbearing Div., Miniature Pre- 
cision Bearings Co., Lebanon, 
N. H. B 

Circle 658 on Page 19 


Spring Cartridges 
have flexible 


elastic covering 


Flexi-Pak spring cartridges are pre- 
assembled stacks of Belleville spring 
washers, held together by a flexible 
elastic covering. They are for ap- 
plications where pins or rivets can- 
not be used to hold washers to- 
gether because washer walls are too 


narrow, or where retaining rings 
or cores cannot be used because 
there is not sufficient vertical or 
radial clearance. Two types of cov- 
ering are available—molded cover- 
ing, cured around washers while 
they are under a slight load, and 
dipped or sprayed coating, applied 
to the stacks while they are held 
firmly together but relaxed. Units 
can be used to absorb shock, to ex- 
ert large amounts of force within a 
limited space, to exert force at a 
low rate, and to maintain reason- 
ably constant pressure in spite of 
expansion due to temperature vari- 
ations. Associated Spring Corp., 

B 


Bristol, Conn. 
Circle 659 on Page 19 


Miniature Motor 


is designed for 
silent operation 


New miniature electric motor, des- 
ignated DCM2, utilizes a three-seg- 
mented flat commutator to provide 
extremely silent operation. Both 
ends of rotor shaft are mounted in 


combination journal and_ thrust 
bearings, embedded in soft rubber 
to further absorb noise and vibra- 
tion. Entire motor is furnished in 
a plastic sound-absorbing case 
measuring 11/, in. in diam by % in. 
high. Weight is 114 oz. Free-run- 
ning speed is 1200 rpm at 1.5 v de. 
Motor is particularly suitable for 
tuning, recording, transmitting, 
musical, and other sonic devices. It 
is shown with cover off, used in 
conjunction with music-box mech- 
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SPECIAL COUPLING PROBLEMS 


A special coupling size 7A which provides for 
an extra long axial float, in fact, there is 194%.” 
between hubs. 


= 


ee ee) 


SOLVED 


at JOHN WALDRON 


From time to time, manufacturers are faced with 
special power transmission problems which cannot 
be handled by standard couplings. Sometimes they 
need a coupling for exceedingly high speed drives, 
sometimes a coupling for very large diameter shafts 
and for other special applications. 


John Waldron, which is well known for its ability to 
produce high quality couplings also makes excellent 
special couplings to customer requirements. In the 
past, Waldron has made couplings that turn at 
speeds over 50,000 RPM, couplings which can take 


over 45,000 HP and couplings for particular appli- 
cations such as continuous lubricated couplings, 
spacer types, shear pins, cut-outs and couplings for 
many other special installations. 


If you have a particular power transmission problem 
that needs a special coupling, call or write the John 
Waldron Corporation in New Brunswick, New 
Jersey. Their long experience in designing, and 
manufacturing couplings for special problems, may 
have already solved your problem for you. 


soon WALDRON cov. 


A Subsidiary of Midland-Ross Corporation 
New Brunswick, N. J 
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Give your design the advantages of 


OY CHRO lh: aes MOTORS 
am ait ‘2 


Adaptability 
Power-packed SYNCHRON Timing Motors are midget-sized to 
fit extremely close places. Adaptable to powering timing machines, 


action signs, recording thermometers, switches, heating and air 


conditioning devices. 


SYNCHRON Timing Motors pull up to 20 in. oz. at | r.p.m.; 
operate efficiently at temperatures from —40°F. to +140°F. Each 
motor must pass 51 inspections and a grueling test under power 


*fore omer 
before shiy ment UL and CSA approvals 


Every construction feature performance proven! 


PATENTED TWO-PIECE FIELD STRUCTURE 3 ALUMINUM ROTOR RING SUPPORT 8 GEAR CASE SEALED against oil leakage 
having wide and narrow poles, with rotor to permit mounting in any position. 

that rotates between inner and outer field 4 PATENTED. HARDENED STEEL ROTOR 

poles. The inner and outer poles are RING. FOUR CONVENIENT MOUNTING HOLES. 

properly shaded with heavy, continuous 

copper rings to assure maximum starting 5 Oll STORAGE RESERVOIR with patented BRASS GEARS. 

and running torque oil feed to bearings. 

STEEL PINIONS. Note: Brass against steel 
& HEAVY BRASS ROTOR COVER. assures longer life. 

2 DOUBLE BEARINGS in reduction train on 

rotor shaft assure smooth operation 7 DOUBLE BEARINGS ON OUTPUT SHAFT BAKELITE GEAR for quiet operation. 





STANDARD HI-TORQUE SLO-MOTION HANSEN HANSEN 

TIMING MOTOR TIMING MOTOR SYNCHRON CLOCK MAGNA-TORC 

(8 IN. OZ.) (20 IN. OZ.) (1 R.P.H.) MOVEMENTS DC MOTOR 
Compactly built to There's big power A new timing motor For standard and off- Designed for aircraft 
space saving dimen- packed into this ver- developed _ especially ice clocks, sign clocks, instruments and radio 
sions, with rotor and Satile timing motor. for slow motion jobs. novelty clocks, and controls, Armed 
coil packed in a One year guarantee. Guaranteed 20 in. oz. clocks of all kinds up Forces _ applications 
sturdy hand - sized Dependable, accurate, at 1 rp.h, (1/60 to 26” in diameter have proved its top 
case, Used in timing trouble-free. Guaran- r.p.m.) under glass. Precision performance world- 
devices and controls teed torque 20 in. oz. power with a Syn- wide under all op- 
of all types. Guar- at 1 r.p.m. chron timing motor. erating = conditions. 
anteed torque 8 in. Easily adapted to 
oz. at 1 r.p.m. commercial uses. 























“Write for Synchron Catalog or See It In Sweet's’’. 


ee ee 


» T= 
q synchronous motors, timing machines, 
clock movements, magnatorc DC motors 


HANSEN MFG. CO., INC. <4 Princeton 12, Indiana 


oOuR sSOoOTH YEAR 


FOR FULL INFORMATION CALL OR WRITE TODAY 


HANSEN REPRESENTATIVES: The Fromm Co., 5150 W. Madison St., Chicago, Ill.; Winslow Electric Co., New York, N.Y., Chester, 
Conn., Philadelphia, Cleveland; Electric Motor Engineering, Inc., Los Angeles WEBSTER 3-7591 and Oakland, Calif.; H. C. Johnson 
Agencies, Inc., Rochester, Buffalo, Syracuse, Binghamton and Schenectady, New York 
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This new lock and seal washer 
is just plain REVOLUTIONARY... 


When 
MANO EAL 


A) 


NYLOGRIP Dubo Lockwasher 
locks and seals it-instantly! 


The new NYLOGRIP Dubo Lock 

= = = washer is made of a special, cold 
o— 3 flow plastic called Nylon 6. Wher 
é 3 the nut is tightened, the washer 


: 3 flows ts inner diameter 
font r grips into the threads of the nut 
a E = — and bolt, to seal this junction 
Patents Applied For against leakage, while the outer 
diameter flows over the outer edges of the nut, seals and 

cks it so tight neither shock nor vibration can budge it 
The Dubo Lockwasher can be used time and again without 
the slightest loss of holding power And, because it’s sym 
an't + 


metrical and has no threaded parts, you could one in- 
correctly if you tried 


PLUS FEATURES: excellent electrica 
exceptional wear resistance g 
resists corrosion, chemicals non-flammabie . 


flexural strength 
PLUS USES: The excellent 
NYLOGRIP Dubo Lo 


rical insulation, or 


kwash 


between dissimilar metals 
YOU'LL WANT COMPLETE TECHNICAL INFORMATION. 


W rite today lo: 


NYLOGRIP PRODUCTS 


445 Watertown St., Newton, Mass.-Bl 4-0960 
Non Metallic Fastenings of all types 


Circle 494 on Page 19 


NEW PARTS AND MATERIALS 





anism. Moen Trading Co., 7 W. 
24th St., New York 10, N. Y. C 
Circle 660 on Page 19 


Gear Boxes 
mate with any Size 8 
ac or dc motors 


New Size 8 
provide ratios from 1.5:1 to 600:1, 


miniature gear boxes 
They 
mate with any standard Size 8 ac 


depending on requirements. 


or de motors, and can be adapted 


to any motor end _ configuratior 


Using Class 5 miniature bearings 
throughout, boxes have backlash as 
low as 45 min and handle 50 oz-in. 
torque. Starting torque is 0.015 oz- 
in. or less, depending on ratio re 
quired. Output-shaft diameters of 
0.0937 and 0.1250 in. are available, 
and shaft is either concentric or off- 
set with respect to housing. Ellison 
Engineering, 4350 San Fernando 
Rd., Glendale, Calif. I 

Circle 661 on Page 19 


Cap Nut 
has tamperproof design 


New tamperproof cap nut is a one- 
piece, die-cast, zinc alloy nut which 
can be removed from axle only 


Base of nut 


wide 


with a special wrench. 
with a 
configuration 


is designed washer- 
three 


accommodate 


type having 


notched recesses to 
special wrench. Sides of nut are 
sharply tapered from base to top, 
preventing pliers from securing a 
Small 


provides fon 


strong grip to loosen nut 
hole in hub of nut 
lubrication of axle after assembly. 
Fastener is now supplied in 3-in. 


+ 


MECHANICAL 
[) contro 


Has Advantages 
in Thousands of New 
Applications! 


3 Dimensional Cams can 
be used in applications 
where “*x’’ and “*y” are 
input variables of 


e temperature @ pressure 


R.P.M 
altitude 


e liquid flow * 
e speed es 


or any of thousands of other forces 
or motions. 


is the instantaneous resultant 
or readout of the two input vari- 
ables. z f(x,y) 


Some advantages— 
e withstand severe 
environmental extremes 

fidelity of readout 

smaller control size 

lighter control weight 

dependability 


NOW 
AVAILABLE 


the 


rated and diagrammed 
pment, application 


nation. Send for your copy today! 


rue PAR KE R- 


HARTFORD CORPORATION 


Franklin Avenue Hartford, Connecticut 
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+f FACED MECHANICAL SEALS 
55 RESIST WEAR AND CORROSION 





*355 FACING MATERIAL 


A new and superior facing material is now 
available on the engineered mechanical DURA SEAL 


#55 faced seal rings are long-wearing, operate at ex- 





THIS BULLETIN 
TELLS THE STORY 


For further de 


seils aan deter bor tremely high or low temperatures, and present highest 


a copy of Bulletin resistance to wear and corrosion. #55 Facing Material 


No. 469-MD 
combines the low-friction benefits of ceramic materials 


with the strength and resistance of alloyed steels. 


*ROKIDE Process 


Coating developed 


of Worcester, Mass. 


KALAMAZOO ° MICHIGAN 


Circle 496 on Page 19 


“IMPOSSIBLE” 








die cast for 
MALLORY 





by GRC 


helped create higher 
rated, longer 
lasting switch 








Quick deliveries on “Impossible”, yes, by any other method. BUT—GRC's 
quantities of 100,000 unique single cavity die casting techniques made 
to many millions. possible a detailed and complex actuating mechanisn. 
NO SIZE TOO SMALL! with exceptional requirements of uniformity and accuracy 
Max. weight '4 oz. Inspired Mallory engineers to design a new and bette: 
Max, length 134 switch around this GRC die cast mechanism! Just 
Write fer GRC another instance in which GRC’s exclusive patented 
detailed methods have solved a parts prob- 
&. lem and opened the door to a new 


send prints #7 castings product . . . at substantial savings. 


bulletin or 


for quotation. 


GRIES REPRODUCER CORP. 
WORLD'S FOREMOST PRODUCER OF SMALL DIE CASTINGS Q& Zz 
32 Second St., New Rochelle, New York ° NEw Rochelle 3-8600 eee 
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size with No. 1/-13 thread; other 
sizes will be made available. Gries 
Reproducer Corp., 400 Beechwood 
Ave., New Rochelle, N. Y. D 

Circle 662 on Page 19 


Subminiature Switch 


has only one moving part 
besides button 


Peanut subminiature basic switch 
has long mechanical and electrical 
life, no dead break for sensitive ap- 
plication, and high repeatability 
with only one moving part besides 
button. It is available with any 
standard actuator, and uses a No. 
| screw bolt passing through in- 
line holes in switch for ganging. 
Base size is 0.526 in. long, 0.250 in. 
wide, and 0.323 in. high; weight is 
1.7 grams. Ambient temperature 


range is —695 to 250 F. Electrical 
ratings are: 6 amp, 125/250 v ac, 
30 v de resistive; 3.5 amp, 30 v de 
inductive, sea level; 3.0 amp, 30 \ 
de inductive, 50,000 ft; and 2.5 
amp, 30 v de inductive, 100,000 ft. 
Switch Div., Electrosnap Corp., 
4230 W. Lake St., Chicago 24, 
Ill. J 

Circle 663 on Page 19 


Electric Counter 
has full-wave rectification 
for ac operation 


CE-800 Wizard electric counter in- 
corporates a built-in silicone diode 
full-wave bridge rectifier with ca- 
pacitor to make possible maximum 
reliability and service life through 
all ac voltages to 230 with 25, 40, 
and 60-cycle frequencies. Die-cast 
aluminum housing with gasket seal 
and cement-sealed staked window 
assures maximum protection against 
dust. Conduit opening with sep- 
arate wiring compartment permits 
wiring without breaking dustproof 
enclosure seal. Rated at 1000 
counts per minute, the unit op- 
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erates reliably at higher speeds with 
electronic actuation. Production 
Instruments Div., General Controls 
Co., 8062 F PH McCormick Blvd., 
Skokie, III. J 

Circle 664 on Page 19 


Sand-Casting Alloy 


combines high strength 
and excellent ductility 


X250-T4 aluminum sand-casting al- 
loy provides high resistance to stress 
corrosion and retention of high 
ductility during natural aging. Typ- 
ical applications include aircraft 
structural castings, construction or 
mechanical equipment subject to im- 
pact loads, and equipment for dairy, 
food, and chemical industries. Alloy 
provides excellent resistance to in- 
dustrial and marine atmospheres. 
Developed to replace alloy 220-T4, 
it is available with the same mini- 
mum tensile properties. Aluminum 
Co. of America, Room 745, Alcoa 
Bldg., Pittsburgh 19, Pa. F 
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Miniature Valve 


can be remote-controlled 


No. 420 four-way miniature valve, 
connected through 14-in. _ plastic 
hose, can be placed at some distance 
from main valve and can be remote- 
controlled. Valve has !-in. aper- 
tures, and has no neutral positon. 
t can be mounted in tight corners 
or inaccessible spots, but controlling 
limit valve can be placed within 
easy reach. Body is die-cast, fit- 
tings are brass, and_ replaceable 
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Revolutionary Wire Cloth Looms 
use Wood’s Timing Belt Drives 
to cut rejects ... speed output 


New, radically different wire cloth looms, developed by 
New York Wire Cloth Company, not only weave screening of 
exceptional quality, but increase production 50% or more. 


An important factor in minimizing defects and maintaining out- 
put is Wood’s Timing Belt drive. The slip-free, positive action of 
this drive, together with no belt stretch, eliminate irregularities of 
mesh. .. help maintain operating speeds never before possible. 
The compact Wood’s Timing Belt drive is used in this loom to 
replace a multiple V-belt drive. Not only does it satisfy the high 
efficiency requirements and eliminate matching of belts, it has 
long life and requires no maintenance, features which permit its 
use in a relatively inaccessible area. 


Wood’s Timing Belt drives have a wide range of load capacities, 
up to 600 hp and above, and cover an exceptional speed range, 
from zero to 16,000 fpm. Absence of metal-to-metal contact elimi- 
nates the need for lubrication. These and many other features 
make this drive outstanding for a wide variety of applications 

Contact your T. B. Wood's representative for 
information and your copy of Catalog 2100 


V-BELT DRIVES + VARIABLE SPEED DRIVES + TIMING BELT DRIVES * CARD 
DRIVES + FLEXIBLE AND RIGID COUPLINGS + FLYWHEELS * PULLEYS + 
MOTOR BASES « BALL BEARING PILLOW BLOCKS, FLANGE UNITS AND TAKE-UP 
BEARINGS + BABBITTED AND BRONZE BEARINGS * DUCTILE IRON PRODUCTS 


T. B. WOOD’S SONS COMPANY 
CHAMBERSBURG, PENNSYLVANIA 


ATLANTA © CAMBRIDGE + CLEVELAND « DALLAS * NEWARK 
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Component reliability 
begins with 


SPHERICAL BEARINGS 
and ROD ENDS 


Cutaway View 
of TRE Male 
Rod End 


® Precision-built for superior per- 
formance. 

®Solid race construction 

® Wide range of designs, bore sizes, 
materials, etc. 

@Prompt delivery schedules 

@Engineering service 


OO) er = 
‘| aw 


; i 
; 


BTS SBG 
Series Series 


TR-N Sia é om 
a’ eet One- 
U bite 
FOR CATALOG 257 


OO0G000 


A PRODUCT OF 
SEALMASTER BEARING DIVISION 
STEPHENS-ADAMSON MFG. CO. 


18 RIDGEWAY AVE. + AURORA, ILL. 
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wear plate is hardened noncorrosive 
metal. Mead Specialties Co., Dept. 
MV-25, 4114 N. Knox Ave., Chi- 
cago 41, IIl. J 
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Zippered Tubing 
is available in 


shielded types 


New Zippertubing is available with 
copper, aluminum, and Co-netic 
steel shielding for regular or mag- 
netic shielding use. A_ radiation 
material of vinyl-covered, lead-sat- 
urated glass cloth is also available 
to protect cables, wires, and controls 
from nuclear radiation. Shielded 
Zippertubing is offered in IDs from 


4g in. up in increments of !4 in. 
The gray tubing is available in 
standard lengths of 25, 50, 100, and 
300 ft. Zippertubing Co., 752 S. 
San Pedro St., Los Angeles 14, 
Calif. L 
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Terminals and Connectors 


solderless units are for 
high-temperature uses 


New solderless, high-temperature 
terminals and desig- 
nated Temp-Terms, are high-con- 
ductivity, heat-resisting alloy, nick- 
el plated to provide resistance to 
corrosion. They are rated for con- 
tinuous duty at 650 F. Ring ter- 
minals and butt connectors are 
available in No. 6, 8, and 10 screw 
sizes for wire ranges 22-16, 16-14, 
and 12-10. Units permit fast, posi- 
tive, permanent connections, and 
are of one-piece construction. In- 


connectors, 


FLEXIBLE 
COUPLINGS 











Standard Duty Types 
.05 to 40 hp. at 1750 rpm 


Medium and Heavy Duty Types 
2.6 to 810 hp. ot 100 rpm. 


Radially 

Removal 

Types 

1.9 to 30 hp. ot Flange-Mounted 

100 rpm.—2 to Types 

40 hp. at 1800 rpm. 11 to 740 hp. at 
900 rpm. 


Put Trouble-Free Performance 
Into Your Equipment 


COMPARE THESE FEATURES: 


A type and size perfectly suited to 
your application. 


Year-after-year dependability, re- 
gardless of load or operating con- 
ditions. 


Completely machined for ease and 
speed of alignment. 


No lubrication required. 


Simple, rugged construction—few 
parts and no intricate mechanisms. 


Cushioned power transmission— 
load is transmitted through 
cushioning materials—no wear on 
the metal jaws. 


Double-life cushions—one half the 
cushions act as idlers, except on 
reversing loads—quick interchange 
provides a new set of cushions. 


Cushions are engineered to the load 
and service conditions. 


Ask Lovejoy to recom- 
mend the exact flexible | 
& coupling for your ap- 
plication. No obliga- 
tion. Request catalog. 


LOVEJOY FLEXIBLE COUPLING CO. 


4818 WEST LAKE STREET + CHICAGO 44, ILLINOIS 
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MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS 


Challenging 
job opportunity on 
the editorial staff of 


Here’s your chance to break in on a growing field where aggressive creative 
work is really appreciated. MACHINE DESIGN has a staff opening for an 
engineer with an interest in both engineering and editorial work. This job 
provides stimulating contact with many engineering areas plus opportunity to 


grow and progress as a specialist in a particular branch of design engineering. 


Some evidence of design engineering experience is necessary, and an ME or 
EE degree would be desirable. Writing ability and interest are also required, 


although a heavy background of editing or writing is not essential. 
Salary will depend on experience; progress for the right man can be rapid. 
Headquarters are in Cleveland with opportunities for travel to attend engi- 


neering meetings and expositions. 


If you are interested, send full details of your engineering background to the 


Editor, MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 
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Type “RA” 
Size 2 


Weight 7-\% lbs. 
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terior barrel grooves and V-notches 
firmly hold wire in place. Connec- 
tions are vibrationproof and mois- 
ture-tight. Electrix Terminals & 
Connectors Inc., 990 E. 67th St., 
Cleveland 3, Ohio. G 
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Circuit Breaker 


miniature unit protects 
low-amperage equipment 


MP-1500 miniature, fast-acting cir- 
cuit breaker makes available pro- 
tection for circuits from !/, to 3 
amp. It weighs 1.5 oz and can be 
used in either 30-v de or 115-v 400- 


cycle ac circuits. Unit withstands 


SPECIFY TYPE “‘RA’’ MOTOR CONTROLS 


Launching, guidance, tracking and service equip- 
ment for rockets or guided missiles MUST pack the 
greatest possible performance capacity into the 
smallest possible envelope. That’s why Arrow-Hart 
Type “RA” Starters and Contactors have been se- 
lected for so many rocket and missile projects ... 
and so many other applications where space and 
weight savings are all-important. Far smaller and 
lighter than conventional types, Arrow-Hart “RA” 
Controls use advanced design with greatly improved 
mechanical efficiency to achieve superior perfor- 
mance and dependability. The modern Right Angle 
operating mechanism insures positive operation and 
provides increased resistance to unfavorable atmos- 


pheric conditions. 


For “RA” Data Section, write now to The Arrow-Hart 
& Hegeman Electric Company, Dept. MD, 103 Haw- 
thorn Street, Hartford 6, Connecticut. 


ARROW - HART OF HARTFORD 


intar fanten 
Wivivel VY uv 


s ¢ Wiring Devices * Appliance Switches » Enclosed Switches 
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environmental conditions 
in accordance with specification 
MIL-C-5809. It is shock and vi- 
bration resistant and is unaffected 
by changes in ambient temperature. 
Particularly useful in aircraft, unit 
is also effective for protection of 
circuits in missile ground-control 
equipment, communications equip- 
ment, radar, power supplies, in- 
struments, and electronic and test- 
ing equipment. Breaker can be 
opened and closed manually as a 
switch. It is tripfree and cannot be 
held closed against overload. Me- 
chanical Products Inc., 1800 River 
St., Jackson, Mich. H 
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extreme 


Flange Block 
is two-bolt type 


FB210 series two-bolt flange block 
has unbreakable malleable housing 
and bearings lubricated for life. It 
is available in 16 shaft sizes from 
4 to 1 7/16 in. Unit is an eccen- 
tric locking-ring type which fits in 
a limited space. Blocks range in 
length from 3 13/16 to 6 3/16 in., 


in width from 1 15/16 to 334% in., 
and in depth from 1 19/64 to 
1 11/16 in. Browning Mfg. Co., 
Maysville, Ky. G 
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Silicone Rubber Compounds 


for low-temperature use 


Two new silicone rubber com- 
pounds, suited for aircraft and mis- 
sile use, are readily adaptable to 
requirements of other industries. 
SE-525 is a tough 25-durometer 
compound for molded and extruded 
seals, low-pressure gaskets, cush- 
ions, and other parts. It offers ten- 
sile strengths to 1000 psi, elonga- 
tion to 700 per cent, and Die B 
tear strengths to 100 Ib per in. 


MACHINE DESIGN 





Compound surpasses requirements 
of AMS 3332. SE-567 is also a low- 
temperature service compound of 
60-durometer hardness. Possessing 
good flame retardancy, it is suited 
for airframe seals and wire and 
cable applications where resistance 
flame is required. Both com- 
pounds have excellent handling 
characteristics and can be molded 
and extruded by standard tech- 
niques. They can be pigmented in 
a variety of colors. Silicone Prod- 
ucts Dept., General Electric Co., 
Waterford, N. Y. C 
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Self-Aligning Insert 


is internally threaded 


Keensert _ self-aligning, internally 
threaded insert compensates for mis- 
alignment of bolt holes in mating 
parts. One-piece unit can be 
screwed by hand into tapped holes 
prepared with standard drills and 
taps. Units provide maximum re- 
sistance against pull out. Positive 
mechanical resistance to rotation is 
provided by inserts pressed into 
base material with a small punch 


and hammer or an_ installation 
tool. Prevailing torque is extremely 
consistent after repeated installa- 


tions and removals of the bolt. 
Newton Insert Co., 6500 Avalon 
Blvd., Los Angeles 3, Calif. L 
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Laminated Plastic 
resists high temperatures 


Phenolite Grade GH-871 laminated 
plastic, constructed from glass fabric 
combined with high-temperature- 
resisting phenolic resin, is designed 
for short-time applications such as 
parts for guided missiles or rockets. 
It retains more than 95 per cent of 
its strength after 1/,-hr exposure at 
500 F, and withstands higher tem- 
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peratures for shorter time periods. 
Material has excellent mechanical 
and electrical properties. It is avail 
able in sheet sizes of 39 in. square 
and 39 x 47 in., in thicknesses from 
1/16 to 1% in. Color is dark brown 
and finish is semigloss. National 
Vulcanized Fibre Co., 1058 Beech 
St., Wilmington 99, Del. C 
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Flowmeters 
have — 350 to 300 F 
temperature range 


New flowmeters, providing both rate 
and totalizing indication, feature 
pressure drop of less than 2.5 psi 
and transmitter accuracies of + | 
per cent over range from 3 to 600 
gpm. Units are available in stain- 
less steel or aluminum alloy, and 
have a temperature range of — 350 
to 300 F. They accommodate a 
variety of exotic and special fluids, 
in addition to conventional fuels 
and hydraulic fluids. Pickoff design 
produces a gated 400-cps output of 
2.5 v regardless of flow rate, cancels 


MOTOR CONTROL 


SMALLEST Magnetic Starters 
Available! 


Arrow-Hart Type ““RA”’ Motor Controls feature the advanced 
design “‘Right Angle’’ mechanism, with the magnet operating 
through a simple bellcrank mechanism. This provides a me- 
chanical advantage making possible a much smaller and 
lighter magnet which out-performs older, direct-acting types. 
As a result, size and weight are reduced by almost half, while 
performance, operating efficiency and dependability are 
greatly improved. Other important “RA” design features 
include extra-rugged silver cadmium alloy contacts with 
positively guided travel for perfect alignment . . . and straight- 
thru wiring for simplified circuit design. 

Arrow-Hart offers you the only complete line of smaller, 
lighter motor controls including: NEMA Sizes 0 through 5, 
in across-the-line, reversing and two-speed starters and con- 
tactors. 





Write for free 16 page booklet of Motor Control Wiring Dia- 
grams: The Arrow-Hart & Hegeman Electric Company, Dept. 


MD, 103 Hawthorn Street, Hartford 6, Connecticut. Type “RA” Starter 
Size 3 
ARROW = HART —_ sivksiggadhalilar eco Weight 15-¥% lbs. 


Mo tor Contr ols « Wir ng Dev es Ww 
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out effects of stray electrical fields, 
and produces a large signal-to-noise 
ratio. Typical unit for 2-in. line 
is shown. Revere Corp. of America, 
Wallingford 2, Conn. B 
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Ball-Joint Assembly 


uses setscrew to 
lock joint 


Type DC ball-joint assembly in- 
corporates a hardened, self-locking, 
hexagon-head setscrew which locks 
ball joint anywhere along length of 
We say you should. Since we make unthreaded rods. Screw is firmly 
locked in position, and will not 
loosen under vibration. Larger 
thread permits greater assembly 
torque and holding strength over 
ments our engineering experience spring-clip construction. Available 
for 14 and 5/16-in. diam rods in 


all types of steel drive and convey- 


ing chain plus sprockets and attach- 


is naturally broad and our recom- 
mendations are just as naturally un- 
prejudiced. Let the Union Chain 


organization work for you. 


4 


TRANSMIT 
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several thread sizes, assembly has 
many linkage-control applications. 
Superior Ball Joint Corp., 8906 
Trier Rd., Ft. Wayne, Ind J 
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| ; Variable-Speed Pulley 
YY iylhiinyy ’ cam-controlled unit 


V4, 


tame YE G i ° 
Yf? 0’ F074 y gives constant speed ratio 


G 
Z Constant speed ratio can be main- 
tained positively over a wide range 
of load variation by means of a cam- 
controlled variable-speed __ pulley. 


The Union Chain And Unit employs cam and cam-fol- 


| lower assembly, designated Load- 

e O-Matic, which automatically reg- 

Man ompa | Pipa Reape dB. 
vufacturing Cc ae my | ulates belt tension to exact require- 

WN Dik @ Amel ile | ments of load. Pulley speed is 

made independent of load and load 
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Engineered by Tinnerman... 


Train maker cuts assembly costs 37% 
with one-piece Tinnerman SPEED CLIPS* 


On Lionel electric trains, one-piece Tinnerman 
Speep Cups fasten car trucks to car bodies... 
cut assembly costs 37%. Each Speep CLIP 
replaces a grooved screw-machine part and a 
special retainer ring. Also eliminated are rivet- 
ing and crimping operations. 

Specially engineered for Lionel, this SPEED 
CuIP is easily snapped through punched holes. 
Spring steel fingers compress, then spring apart 
to complete the truck-to-body attachment. 

Perhaps your product can be assembled 
faster, better, at lower cost by a switch to 
Tinnerman SpeED Nut brand fasteners. Your 
Tinnerman sales engineer can make on-the-spot 
fastening recommendations. Or he can arrange 


for a complete no-obligation Tinnerman Fasten- 
ing Analysis of your product. He’s listed in the 
Yellow Pages under “Fasteners.” Or write to: 


TINN ERMAN PRODUCTS, (nc. 
Dept.12 » P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 


Speed Nuts 


ee 


FASTEST THING IN FASTENINGS 


CANADA: Dominion Fasteners Ltd., Hamilton, Ontario, GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds $.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg, 
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PLUS 
protection 








against 
overload 


overload release clutches 


Designers and builders have found MAXITORQ Overload Release Clutches 
the ideal way to provide dependable protection against overload conditions. 


Unlike such devices as shear pins, the MAXITORQ Overload Release Clutch 
requires no dis-assembly or replacement after functioning. Once the cause of 
overload is removed or corrected, the machine may be re-started at once. 
Furthermore, MAXITORQ Overload Release Clutches may be adjusted for 
pre-determined overload protection. 

In addition, users enjoy the proved advantages of the MAXITORQ Floating 
Disc Clutch ... smooth, positive engagement and release. . . “floating’’ neutral 
with no drag or heating... easy manual adjustment. 


We will be glad to give you the benefit of our long and successful experience 
in clutch and brake design; the overload release clutches are only one of many 
advanced MAXITORQ developments in both manual and electrically operatea 
applications. Ask for literature, or outline your problem... write Dept. MD-9. 


THE CARLYLE JOHNSON MACHINE CO. 


Manchester, Connecticut 
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variations, drag is eliminated, and 
high shock absorbency is provided. 
Each of two driving discs contains 
its own cam and cam-follower as- 
sembly, so that pulley is double 
cam-controlled. Pulley is available 
in sizes from 0.5 to 5 hp in ratios 


2.5:1 (single pulley) and 6.25:1 
(double pulley). Lovejoy Flexible 
Coupling Co., 4932-H W. Lake St., 
Chicago 44, IIl. ] 
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Quick-Connect Couplings 


for use with 
reciprocating air tools 


IH quick-connect, quick-disconnect 
couplings, for use with reciprocating 
air tools, deliver more air with 
minimum pressure drop. Center- 
type valve gives 360-deg contact 
with nipple, permitting repeated 
valve opening and closing. Cou- 
plings are available only with valved 
coupler and plain nipple, and are 
supplied with male or female NPT, 


hose shank, AND 10056 male or 
10050 female, or AND 10057 bulk- 
head end connections. Sizes are 
14 to 4 in. in cadmium-plated al- 
loy steel. Snap-Tite Inc., 201 Titus- 
ville Rd., Union City, Pa. F 
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Laminated-Plastic Tubing 
has minimum ID of 0.050 in. 


Rolled laminated-plastic tubing is 
now available with minimum ID 
of 0.050 in. Small tubing meets re- 


MACHINE DESIGN 
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quirements of applications such 
terminal insulators, contact pins, 
and parts for transistors, rectifiers, 
diodes, and resistor tubes. Sizes 
below 0.125 in. are furnished in 
Grade XX laminated plastic, a pa- 
per-base, phenolic-resin grade with 
good electrical, mechanical, and 
physical properties. Maximum ID 
for rolled tubing is 36 in. Taylor 
Fibre Co., Norristown, Pa. E 
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Electronic Relay 
has no moving parts 


New relay is completely potted and 
withstands any shock or vibration 
now being encountered. Electronic 
coil circuit operates on 28 v de, 
pulls in at 18 v and drops out at 
7 v or less with positive snap ac- 
tion. Coil circuit is completely iso- 


oo 


lated from electronic switching cir- 
cuit. Unit switches either ac or dc, 
has transfer time of less than 50 mu 
It has 
no arcing or contact contamination. 
Pendar Inc., 6049 W. Adams Blvd., 
Los Angeles 34, Calif. L 
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sec, and no contact bounce. 


Drives and Couplings 


available with ratings 
from 4 to 1000 hp 


Added to a line of Flexidyne dry- 
fluid drives and couplings are three 
larger sizes, and a small size for 
low-power applications. An 18-in. 
diam unit is available either as a 
drive for use with V-belts, or as a 
coupling for direct shaft-to-shaft 
connection. Either delivers up to 
200 hp at 1200 rpm. A 22-in. size, 
available only as a coupling, trans- 
mits up to 800 hp at 1200 rpm. 
Largest of the units is a 27-in. cou- 
pling with rating up to 100 hp at 
900 rpm. Applications for the 
larger sizes include conveyors, fans, 
processing machinery, chippers, 
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Why this 
CRITICAL VIBRATION TEST EQUIPMENT 


USES HELI-COIL SCREW-LOCK INSERTS 


—to hold parts securely 
under extreme shock and vibration 





*Reg. U.S. Pat. Off. 

Currently the world’s highest force electro-dynamic vibration exciter, 
the MB Model C250, made by the MB Manufacturing Co., is vital 
to government research in today’s air age... has a frequency range 
of 2-500 cps., and a total force output of 25,000 Ibs. It can be adapted 
to operate in chambers where temperatures range from —100°F to 
300°F and simulated altitudes hit 125,000 feet. 
Test specimens of up to 2190 Ibs., subjected to accelerations of 10 g., 
must be securely held to the unit’s moving assembly. 
The thread assemblies within the vibrator, and joining test speci- 
mens to the unit, are subjected to grueling shock and vibration. Yet, 
even under these extreme conditions, Heli-Coil Screw-LOCK Inserts 
(277 of them) function perfectly... protect threads against strip- 
ping... hold fasteners securely. 
Meeting military specifications for torque and vibration, this new, 
one-piece stainless steel Screw-LOCK Insert: 

1. positively locks screws against loosening under impact and 

vibration 
2. prevents thread wear, stripping, corrosion, galling, seizing 
3. eliminates the need for lock-nuts, lock-wiring, and other sup- 
plementary locking devices 

4. offers high re-usability on repeated disassembly and reassembly. 

Heli-Coil Screw-LOCK Inserts are available in many sizes, including 


the new miniature 4-40. For further information, write 6p 4227 


HELI-COIL CORPORATION 


A Division of Topp Industries, Inc. 
ee 


HELI-COIL CORPORATION i 
509 Shelter Rock Lane, Danbury, Conn. 


] Send me complete design data on Heli-Coil Screw-LOCK Inserts. 


[] Who is my local Heli-Coil Applications Engineer? 
NAME____ 
FIRM 


ADDRESS__ 


IN CANADA: W. R. WATKINS CO., LTD., 41 Kipling Ave. S., Toronto 18, Ont. 
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BUYING A 
NEW SHOVEL 
OR DRAGLINE? 


National Torque Converters ~ 
are available as original 
equipment on many 
leading makes 


Qooee = 
oro xQo0t 
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When you have to figure close on 
a contract job a little extra 
efficiency in the equipment can make 
the difference between a loss and 
a profit. 

The National Torque Converter 
gives this all-important extra. It takes 
in power with the engine working 
at its most efficient speed and output 
range. It delivers the power at speeds 
and torques best suited to each oper- 
ation. It multiplies the torque and 
so boosts line pull or bucket push, 


REPOWERING 
YOUR PRESENT 
SHOVELS? 


National Torque Converters 


are available “packaged” or 
matched with virtually 
all leading excavator engines 


up to three times that available from 
the unaided engine. It’s like having 
an extra engine when you need it. 
You can get these advantages on 
new equipment for the con- 
verters can be specified for original 
installation on most leading makes. 
You can get them in repowering old 
equipment . . . for National Torque 
Converters are available packaged 
with many leading makes of diesels 
... and perfectly matched to the rest. 
For information . . . just write: 


THE NATIONAL SUPPLY COMPANY 
INDUSTRIAL PRODUCTS DIVISION 


Two Gateway Center, Pittsburgh 22, Pa. 


Pace-setters in the progress of industrial power transmission 
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mixers, wire and tube-drawing ma- 
chines, pumps, crushers, hogs, and 
pulverizers. For medium-light ap- 
plications such as cranes, fans, and 
small conveyors, a 6-in. unit is pro- 
vided. Available as a coupling or 
for use with V-belt drives, it is 
rated at up to 2 hp at 1800 rpm. 
Full line now available consists of 
eight drives and 10 couplings, rang- 
ing in capacity from 14 to 1000 hp. 
Dodge Mfg. Co., Mishawaka, 
Ind. ] 
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Oil-Pressure System 


for pressures to 250 psi 


CircOilator is a compact unit which 
maintains controlled volume and 
pressure of oil for stuffing boxes. 
Designed particularly for stuffing 
boxes containing double mechanical 
seals, it is also adaptable for con- 
ventional packaging, bearings, and 
other hydraulic requirements. Sys- 
tem consists of 18-gal tank, pump, 
motor, pressure regulator for pres- 
sures to 250 psi, filter, tank breather, 
and relief valve. Two units have 


maximum volume of !/% and 114 
gpm, and !/-hp motors are rated 
3 phase 220/440 v 1800 rpm. Dura- 
metallic Corp., 2104 Factory St. 
Kalamazoo, Mich. H 
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Proximity Switch 
is vane operated 
New _ vane - operated proximity 


switch which requires no separate 
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We fabricate 
in more than 


different 
materials* 


GASKETS PACKINGS WASHERS 
SEALS SHIMS BUSHINGS ‘O” RINGS 


If it’s a problem of the right material 
for the job—at the right price—Auburn 
is sure to have the perfect solution 
among the wide range of materials in 
which we work. 

Put our 87 years experience to work 
for you—Auburn’s engineers are tops 
in their field in designing and fabricat- 
ing precision sealing devices. Their 
know-how is at your command. ‘‘0” 
Rings are a speciality with us. 


Leather + Asbestos + Nylon + Vinyl + Teflon 
Silicone Rubber + Neoprene + Rubber - Cork 
Fibre « Compositions + Phenolics - Cloth + Felt 
Paper + Cardboard + Plastics + Brass + Steel 
Copper + Aluminum + Kel-F 
Other Special Materials 
Send us your specifications or 
blueprints. You'll receive 
prompt quotations and recom- 
mendations without obligations- 


an a 
> 


Ss 


AUBURN 


MANUFACTURING COMPANY 
303 Stack St., Middletown, Conn. 


New York, N. Y.; Rochester, N Y.; 


Detroit, Mich.; Chicago, Ill.; Minneapolis, Minn.; Pittsburgh, 
Pa.; Cincinnati, Ohio; Ridgewood, N. J.; Atlanta, Ga; Mem- 
phis, Tenn.; St. Louis, Mo.; Camden, N. J.; Washington, D. C. 
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power supply is for use in control- 
ling machinery travel. Unit is 
capable of over 250,000,000 opera- 
tions with General Electric static 
control. Armless, leverless, and 
shaftless, the magnetic device is en- 
ergized by passage of a separate 
metal vane through a recessed slot 
in switch. Attached to the mecha- 
nism to be controlled, vane disturbs 
a magnetic field balance which 
causes two small contacts to op- 
erate. Effect of normal stray mag- 
netic fields and presence of mag- 
netic dust and chips in slot will not 
cause false operation. Operation 
remains consistent within +0.0025 
in. providing position of vane is 
maintained. Response time is ap- 


proximately 0.001 sec. Rated 115 
v ac and 0.2 amp make or break, 
the single-pole, single-throw unit 
meets JIC requirements. It is avail- 
able in normally open and normal- 
ly closed forms with or without 
neon indicating light. Switch op- 
erates at any angle. General Pur- 
pose Control Dept., General Elec- 
tric Co., Schenectady, 5, N. Y. C 
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Transistorized Amplifiers 


amplify signals from 
high-impedance transducers 


New transistorized amplifiers, one- 
third the size of equivalent tube- 
type units, need no filament power 
and only 20 per cent of plate power 
required by tube-type units. The 
instruments amplify signals from 
high-impedance transducers to feed 
directly into standard electronic me- 
ters, recorders, or telemetry equip- 
ment. Operating at a temperature 
range of —65 to 240F, amplifiers 
are low microphonic voltage units 
designed for use in missiles, air- 
craft, and other devices where size, 
weight, and power consumption are 
important factors. High input im- 
pedance and continuously variable 


Lim 


Limilorque 
ACTUATORS 


UP OR DOWN 


OR ROTARY <> 
POSITIONING 


LimiTorque actuators are effi- 
cient, sensitive, automatic heavy 
duty power-operated units for 
positioning machine parts or 
other assemblies requiring Linear 
or Rotary Motion. 


LimiTorque is an electro-me- 
chanical mechanism, using motor 
power through highly efficient 
and precision gearing, to impart 
Linear or Rotary motion .. . 
Limit switches are available to 
limit the travel in either direc- 
tion—Thrust and Torque re- 
sponsive switches control thrust 
or provide emergency shut-off. 
With LimiTorque it is possible 
to control full travel accuracy 
to within .2%—LimiTorque is 
easily and accurately controlled 
by the mere “push of a button”. 
LIMITORQUE IS BACKED BY 30 YEARS’ 
EXPERIENCE IN MOTORIZING ALL TYPES 
OF VALVES— WHY NOT CONSULT US 
REGARDING ANY PROBLEM YOU MAY 
HAVE INVOLVING LINEAR ACTUATION; 


OUR ENGINEERS CAN NO DOUBT 
HELP YOU SOLVE THAT PROBLEM. 


orque’ 


PHILADELPHIA GEAR CORPORATION 
ERIE AVE. & G STREET, PHILADELPHIA 34, PENNA 
Offices in all Principal Cities 


INDUSTRIAL GEARS & SPEED REDUCERS 
LIMITORQUE VALVE CONTROLS 
FLUID MIXERS + FLEXIBLE COUPLINGS 


Limitorque Corporation ¢ Philod 
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the technical know-how 
to “engineer” more speed 
and profit into your 
assembling operations. 


@ The signal success of DPS trained engi- 
neers in adapting power equipment to the 
individual feeding and assembling needs 
of industrial plants everywhere is assur- 
ance that they can likewise solve your 
special problems. In our broad line of 


SELECTIVE PARTS FEEDERS 


POWER SCREWDRIVERS 
SPECIAL ASSEMBLING MACHINES 





equipment can be selected, and custom 

features incorporated, to fit your require- a 
ments. Plan now to use DPS modern An extensive, versatile 
assembling methods. Tell us your set-up. tach elegge and 
Write for catalog and further details. 





“al 
BOWL FEEDER BARREL FEEDER 
Electrical vibratory type to feed with stationary ring cover for 
parts that cannot be tumbled. heavy-duty production. 
BARREL 
FEEDER 
Popular motorized type, for 
parts requiring critical 
Selection. 


S&S CREWPDRIVER CO. 
2801-A w. FORT STREET DETROIT 16, MICHIGAN 
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i (|S Sepererememmmeness t's 


gain permit direct use with a vari- 
ety of piezoelectric transducers 
without fall-off at low frequencies. 
Units operate with recommended 
minimum load of 10,000 ohms. 
Gulton Industries Inc., 212 Dur- 
ham Ave., Metuchen, N. J. D 
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Miniature Photoheads 


have light-source life 


of 5000 hr 


New miniature photoheads, designed 
to solve the problem of mounting a 
sensing device in a limited area, are 
slightly longer than a standard pa- 
per clip. Average light-source life 
is 5000 hr, and units can also be 
used as reflected-beam photoheads. 
Designed for industrial use, photo- 
heads can be furnished with align- 


— jf =— 


ment brackets to insure proper rela- 
tion of light source and receiver. 
Electronics Div., Post Machinery 
Co., 150 Elliot St., Beverly, Mass. B 

Circle 684 on Page 19 


Fastener 


has wide material 
thickness range 


C6L_ utility Huckbolt fastener is 
recommended for joining wood, 
metal, rubber, plastic, honeycomb, 
and other materials which are dif- 
ficult to fasten together. It incor- 
porates basic features of standard 
Huckbolt fastener, but extends 
range of material thicknesses that 
can be joined with a given fastener 
size. Unit is available in 3/16, 14, 
5/16, 34, and -in. nominal pin 


MACHINE DESIGN 





NEW PARTS AND MATERIALS 





diameters and in all head styles for 
metal-to-metal application. Avail- 
able pin materials are 2024-T4 alu- 
minum alloy, 6061-T6 aluminum 
alloy, C1022 mild steel, or AISI 
Type 321 stainless steel. Mild-steel 
pins are furnished plain, cadmium 
plated, or with zinc chromate or 
Unichrome surface treatment. Fas- 
tener is installed with Huck air or 
hydraulically driven power tools, or 


with hand tools where applicable. 
Huck Mfg. Co., 2480 Bellevue Ave., 
Detroit 7, Mich. H 
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Solenoid Valve 


for up to 200 psi pressures 


New solenoid valve has full 14 and 
3/16-in. orifices that permit opera- 
tion in pressure range to approxi- 
mately 200 psi. Valve is construct- 
ed with one-piece internal moving 
part, and has O-ring seals. Coil is 
completely sealed from air, oil, gas, 
and water, and will not overheat on 
continuous duty. Same coil is used 
for continuous or intermittent duty, 
ac or de. Valve can be bottom 
drilled for manifolding, or tapped 


(shown) for standard connection, 
1% or 14, NPT. Airmatic Valve Inc., 
7317 Associate Ave., Cleveland 9, 
Ohio. G 
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Rotary Air Motor 


for limited-space operations 
requiring up to '4 hp 


Keller 71A-1 rotary air motor de- 
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®@ Reduce friction and wear 
Improve clutch release action 
Prevent lever throw-out 


Patented rolling fulcrum pin action, in the release lever, 
results in much less friction and wear, and smoother 
release operation in this clutch than in some other types 
of clutches. Pin automatically returns to original posi- 
tion. Carefully balanced levers avoid lever throw-out 
at high speeds. 


ee SEND FOR THIS HANDY BULLETIN 
\ se Shows typical installations of ROCKFORD 
\ ci 

power 


TAKE: OFFS diagrams of unique applications. Furnishes 


capacity tables, dimensions and complete 


specifications. 


ROCKFORD Clutch Division BORG-WARNER 


311 Catherine St., Rockford, Ill., U.S.A. 


Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, III. 


Automotive 
Spring Loaded 


Heavy Duty 


Spring Loaded 


Heavy Duty 
Over Center 


Take-Offs 


Speed 
Reducers 


BORG-WARNER 


EGB8O00C60G 
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TYPE TWF 
THIN-SECTION 


INSTRUMENT BEARINGS 


integral shielding plus 


these other advantages 


1. No loading slot — continuous shoulders for 


maximum thrust as well as radial loads 
Full ball complement — for highest radial 
and thrust load capacity — or 

Alternate undersize balls for extremely low 
torque requirements 


Two precision grades 


Only SBB T Series thin-section instrument 
ball bearings offer these combined advan- 
tages — maximum load capacity, high pre- 
cision, longer life, extra protection — all 
at competitive costs. T Series ball bearings 
are made in two high precision grades to 
AFBMA dimensions for B-500 Series. 
Available in 5 types and 12 sizes with bore 
sizes from 0.625” to 3.0625”. 


See 
iu) 
ed 


TCF 


Write for new T Series Catalog 59 
containing complete information. 


split balibearing 


A DIVISION OF MPB, INC. 


304 HIGHWAY FOUR, LEBANON, NEW HAMPSHIRE 
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velops 14 hp and up to 36 |b-in. 
stall torque. It is available in basic 
speeds of 20,000, 5000, or 1000 rpm. 
Adjustable plug-type _ regulating 
valve permits changing speed and 
torque in any of the three basic 
units. Motor and gearing are de- 
signed for lubrication with a fine 
mist of oil provided by an air-line 
lubricator. Muffling installed on 
front of spindle case keeps noise 
level to a minimum. Unit is de- 
signed for limited-space applica- 
tions. Gardner-Denver Co., Wil- 
liamson & Front Streets, Quincy, 
Ill. I 
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Rotary Switch 


has current-carrying 
capacity of 3 amp 


New MA-12 miniature rotary switch 
provides 30-deg indexing, 12 contact 
positions, up to 5 sections, with cur- 
rent-carrying capacity of 3 amp. 
Interrupting rating is 14 amp 115 \ 
ac. Switch meets military specifica- 
tion MIL-S-3786. It can be fur- 
nished with up to six poles per sec- 
tion, and rotation can be unlimited 


or limited from 2 to 12 positions. 


Unit is 34 in. square with maximum 
back-of-panel depth of 234 in. R-F 
Electronics Inc., Div., Electro Switch 
Corp., Weymouth 88, Mass. B 
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Flow-Rate Indicator 


uses O-ring construction 
to seal metering tube 


New Ratosight flow-rate indicator 
uses O-ring construction to seal me- 
tering tube, eliminating packing 
glands and stuffing boxes. Simple 


MACHINE DESIGN 
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design makes cleaning and range 
changing easy. One-piece bronze 
body provides good strength-to- 
weight ratio. Unit is especially suit- 
able for measuring flow rates of 
bearing lubricants and coolants, and 
is available with a vibrationproof 
alarm for high and/or low flows. 
Three meter sizes cover flow ranges 
from a fraction of a gallon per 


minute to 26 gpm of liquid, or 65 
standard cu ft per min of gas. 
Fischer & Porter Co., 797 Jackson- 
ville Rd., Hatboro, Pa. E 
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Lock-Washer Terminals 
of 0.018 brass or 


phosphor bronze faster. ». specify the 


PRE-INSULATED DIAMOND GRIP terminal 





oF 


ie ye i * = If you need terminals with bonded insulation—if you need 
& corrosion resistance and wire-supporting vibration resistance— 


iS 


you have it instantly in one closure of A-MP’s matched crimping 
tool. Only one lightning-quick step for crimp-sure optimum 
Seven new lock-washer terminals strength and conductivity. A-MP PRE-INSULATED DIAMOND 
are designed to fit almost every Grip Terminals exceed the most rigid military and commercial 
need. They are available with No. specifications. 

4, 6, and 8 holes, and are 0.018 A-MP’s precision-engineered terminals are matched to pre- 
brass or phosphor bronze, hot cision-engineered tools that make an exact crimp every time, 


tinned. Zierick Mfg. Corp., 110 never too little, never too much. Perfect terminations—whether 
Beechwood Ave., New Rochelle, 


N. Y. D 
Circle 690 on Page 19 


you need one or a million. No great operating skill necessary. 
A-MP’s match-mated tooling does all the work and at lower 
installed cost than other methods of wire termination. Wire 
range is from No. 26 to No. 10. 
; To solve your wire-end problems, we maintain an international 
has increased : engineering service. 
misalignment capacity For the full story on the A-MP PreE-INSULATED DIAMOND 
Anchor cut-out coupling provides GriP line, send for our catalog. 
overload protection, has increased 


misalignment capacity, and permits A ivi i N es oO Fe Pad oO re AT fF D 


ease of maintenance. The torque- is i . 
sensitive coupling shuts off power at General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through wholly-owned 


the instant of a dangerous overload. / 
Increased misalignment capacity subsidiaries in: Canada + England + France + Holland + Japan 


Coupling 
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DUFF-NORTON JACKS 


Ratchet, Screw, 
Hydraulic, Worm Gear 


PHOSPHORUS BRONTE 
ore Gan 


mace STEEL Some le 


did Fd ey ned oa oct geads 


add wn ah ond 


NOW, A STANDARD LINE OF 





DUFF-NORTON WORM GEAR JACKS 


The economies of standardized production now can be realized by 
machinery designers who use Duff-Norton worm gear jacks for accurate 
positioning of loads weighing as much as several hundred tons. After 
25 years of experience and hundreds of custom designs, Duff-Norton 
engineers have produced a standard line of eight jacks ranging from 2 to 
100 tons in capacity which will meet almost any requirements. When 
jacks are used in an arrangement, added economy can be realized in 
raising unevenly distributed loads, since all models now have a uniform 
raise which permits jacks of varying capacities to operate in unison. 

Worm gear jacks are purely mechanical devices, and they can hold 
heavy loads in position indefinitely without any creep. Functioning as 
components of machinery or equipment, they can raise or lower loads, 
apply pressure or resist impact. Worm gear jacks can be furnished with 
raises up to 24 inches, and they will provide exactly the same raise for 
years without adjustment. 

Thousands of these jacks are in use on feeding tables, tube mills, 
welding positioners, pipe cut-off and threading machines, testing equip- 
ment, aircraft jigs, loading platforms, rolling mills, conveyor lines, 
and numerous other types of equipment. If you have a positioning 
problem, write for complete information, requesting Bulletin AD-66-V, 
which includes drawings and full specifications. 


DUFF-NORTON COMPANY 


P.O. Box 1889 « Pittsburgh 30, Pennsylvania 


COFFING HOIST DIVISION ° Danville, Illinois 
COFFING HOISTS 


DUFF-NORTON 
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Ratchet Lever 
Hand Chain, Electric 
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provides for slight parallel misalign- 
ment, angular misalignment, or a 
combination of both. Coupling 
works regardless of direction of rota- 
tion. Only the sleeve of the coupling 
needs to be moved for maintenance. 
John Waldron Corp., New Bruns- 
wick, N. J. D 
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Panel Meter 
has antiparallax scale 


Model MM-3 Medalist meter, a 
314-in. unit, incorporates an anti- 
parallax scale that places dial mark- 
ings in the same plane as the 
pointer. Calibrated portion of 
scale is raised from dial face and 
is in same plane as pointer. Point- 
er tip swings under scale so that 
calibration marks, from any angle, 
appear to be a continuation of 
pointer, eliminating errors due to 
parallax. Unit is available in a 


variety of colors, standard types, 
and ranges. Marion Electrical In- 
strument Co., Grenier Field, Route 
28A, Manchester, N. H. B 
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Pressure Control 


differential-type unit 
is explosionproof 


Type J99K explosionproof differen- 
tial pressure control is used for air, 
gas, or liquid pressures where it is 
necessary to lower the difference 
between two separate pressures or 
vacuums. Control is uncalibrated, 
and pressure settings are made by 


MACHINE DESIGN 





Hi-Lo Load-0-Matic Control 
Eliminates Pulley Slow Down 


Hi-Lo Variable Speed Pulleys 
positively maintain the desired 
speed ratio over a wide range of 
load variation by means of an 
exclusive cam and cam follower 
assembly. This means: 

Pulley speed is independent of 
load and load changes. ‘“‘Drag”’ is 
eliminated and high shock absorb- 
ency provided. 

Pulleys do not compress belt 
due to spring pressure. Springs 
are not driving members. They 
act only to keep pulley faces in 
contact with belt. 

Pulleys automatically regulate 
belt tension. Because of the cam 
assembly, belt is never under more 
tension than required by the load. 

Double cams maintain constant 
belt alignment. 


HI-LO PULLEYS COMPARED 
TO OTHER VARIABLE SPEED PULLEYS 


iS [HILO PULLEY] 
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950/ | | | | CONVENTIONAL SPRING 
| LOADED PULLEY 


LOAD AT TORQUE ARM, POUNDS 
PLUS THESE OTHER FEATURES: 
Smaller in size than comparable units, 
Quickly and easily installed. 
Replaceable face assemblies drastically 
cut repair and replacement costs. 
Available in sizes from .5 to 5 hp., ratios 
to 2.5/1 (single pulley) 6.25/1 (double 
pulley). 

Request details and prices. Ask for 
Bulletin A-458. 


ieee $8 Nationally Distributed By 
HI-LO LOVEJOY FLEXIBLE 
MANUFACTURING COUPLING COMPANY 
4968-H W. Loke St. 
COM N 
COMPANY Chicago 44, Ill. 
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cover and setting hex- 


Snap-ac- 


removing 
head adjustment screw. 
tion switch is actuated when pres- 
sure on high side exceeds pressure 
on low side by preset amount, re- 
gardless of static pressure values. 
Switches available include normal- 
ly open, normally closed, or double 
throw with no neutral 
They are rated for 15 and 20 amp 
at 115/230 v ac. 


position. 


All switches are 


single pole and suitable for ambient 
temperatures to 180 F. United 
Electric Controls Co., 79 School St., 
Watertown, Mass. B 
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Miniature Blower 


delivers about 
45 cfm free air 


New 20-v dc vane-axial blower 
with nominal motor speed of 13,000 
rpm delivers approximately 45 cfm 
free air. Unit operates in ambient 
temperatures of —55 to 85 C for 
500 hr without brush change. Hous- 
ing diameter is 2.16 in. with overall 
length of 2.125 in.; flange diameter 


is 3 in. Unit meets MIL-M-8609 
Western Gear Corp., P.O. Box 182, 
Lynwood, Calif. L 
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Air Filter 


is fully automatic 


New air filter thoroughly removes 
harmful moisture, rust, pipe scale, 
and other contaminants from ait 
lines to prevent damage and exces 


What job 
do you have 
for a 
VIKING 
PUNMP? 


Sizes From 2/3 to 1050 
G. P.M. Capacities 
There is a Vik n 


pump for most i u 
ments . . . probably yours, 
fast a 
ast, 
smootl 

In the Viking Pum 
cataloged models i 

onal thous 

}! 


Send today for Catalogs 
Section BH and CH 


PUMP COMPANY 
-———_@— 
Cedar Falls, lowa, U.S.A Pumps 
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bras 


Way 





sive wear to pneumatic equipment. 
Large petcock at bottom permits 
fast, complete removal of materials. 


the drafting we: | Simple construction makes the unit 


“= easy to disassemble for cleaning. 

1 = : Pneumatics Div., Gits Bros. Mfg. 

table that makes Co., 1866 S. Kilbourn Ave., Chi- 
cago 23, IIl. I 
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Transistor Mounting 


for all sizes and 
shapes of transistors 


® Increases productivity, efficiency 

@ Saves man-hour costs 

® Reduces waste motion 

® A complete work-station in one unit. 


Get all the facts—send for illustrated Bulletin 


603 and complete NEW Stacor catalog New transistor mounting with 7/16- 


in. diam hole provides a standard- 


"=~ STACOR EQUIPMENT CO. ‘ “4 ized mounting for all transistors 


273 Emmet St., Newark 5, N. J. © Bigelow 2-6600 — : “iy or shape. yom 
2xce *k resistance ; = 
Circle 518 on Page 19 excellent smock resistance and pre 


vents movement of transistor when 


e subjected to severe vibration. Long 

oe a transistor leads provide good heat 
UMOUUMEMG sinking. Temperature range is from 

- 60 to 99 C, with hot continuous- 


M A J Oo E B R EA K =T H E ©) U G H operating temperature of 85 C. Out- 
: standing electrical properties include 
by MAGTROL in 


SUB-MINIATURE 7s 
MAGNETIC CLUTCHES 4 
AND BRAKES! 


® More than doubles previous Torque out- 
put. Torque now guaranteed 8 oz. in. 
minimum. @ Control wattage decreased 
more than 50%. Now less than 1 watt. 
@ Response time decreased over 70%. — low dissipation factor, low conduc- 
® Making MAGTROL Clutches the fastest tivity, low dielectric constant, and 
a known _ electro- | ‘high surface and volume resistivity. 
‘ » ee 
magnetic clutches Delbert Blinn Co., P. O. Box 757, 
Pomona, Calif. L 

and brakes com- 
: . Circle 696 on Page 19 

mercially avail- 

able. 


Coeeeeeceeee se re 


Magnetic Amplifier 
drives electrohydraulic 
3 servo valves 
Write for DATA MAGT Model 405 amplifier drives electro- 
BOOK FCX-59 hydraulic servo valves in missiles, 
252 SENECA ST. - BUFFALO 4, N.Y. aircraft, and industrial control sys- 
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tems. It has response characteris- 
tics to 50 cps, permitting use in 
critical response systems. Unit is 
hermetically sealed in a_self-con- 
tained, plug-in package. External 
gain and balance controls are not 
required, as amplifier is inherently 
stable. Unit requires less than 3.0 
w of 115-v, 400-cycle power, and 
weighs less than 9.5 oz. It with- 
stands temperatures to 125 C and 


Acromag _Inc., 
Detroit 41, 

H 
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shock to 100 g. 
Telegraph Rd., 


Tubing Assemblies 
prefabricated units 


maintain their shape 


Prefabricated tubing assemblies are 
available in ODs of 1/8, 3/16, 1/4, 


5/16, and 3/8 in., and in short- 


time burst-pressure ratings of 1000 
and 2500 psi. Tubing is cut, flared, 
and equipped with nylon 
Assemblies are 


prebent, 
or metallic fittings. 
light in weight and have excellent 
storage life. They are form stable 
and maintain their shape. Polymer 
Corp. of Pennsylvania, 2140 Fair- 
mont Ave., Reading, Pa. C 
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Connectors 


for use at 
extreme altitudes 


EX connectors are resistant to heat 
and vibration, and are sealed for use 
at extreme altitudes. They meet all 
requirements of MIL-C-5015 and 


MIL-E-5272. 


Connectors can be 
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LONG LIFE, THOMSON ‘‘Snap-In’’ 
VA em 
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of smooth, tough DuPont NYLON 





Low Cost 
DOUBLE-FLANGE Nyliner 


Low Cost 
SLEEVE. Nyliner 


Low Cost 
FLANGED Nyliner 


BETTER BEARINGS THAT... © ® 





© COST LESS to BUY 
© COST LESS to INSTALL 
G ELIMINATE LUBRICATION 


Additional Benefits: 


CLOSE FIT © LOW FRICTION © INSTANTLY REPLACEABLE 
LONGER LIFE © RESIST POUNDOUT © RESIST ABRASION 
EASILY INSTALLED © NO FRICTION OXIDATION © MINIMUM SPACE 

LESS SERVICING © DAMP VIBRATION © SILENT OPERATION 
SELF-RETAINING © OPERATE IN LIQUIDS © LIGHTEST WEIGHT 
RESIST CORROSION © NON-CONTAMINATING e REDUCED WEAR 


Engineered to Solve Problems . . . Improve Products . . . 
Reduce Costs! 


NYLINER Bearings are a highly engineered thin liner of DuPont Nylon, designed 
to bring bearing users the many benefits of Nylon as a bearing material by solv- 
ing most of the limitations surrounding its use. The compensation gap prin- 
ciple assures maintenance of diametral tolerances for precision applications. 


Seven Standard Types available from stock. Write for literature and name of 
your local representative who stocks NYLINER Bearings for immediate shipment. 


*In production quantities at new, REDUCED PRICES. 


THOMSON INDUSTRIES, Inc. 
N) DEPT. 4, MANHASSET, NEW YORK 







Also— 2" / —Manufacturers of BALL BUSHINGS . . . the Ball Bearing for Linear 
Motions and 60 CASE. . . Hardened & Ground Steel Shafting 
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ELECTRONIC 
ENGINEERING 
GIVES PRECISE 


MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


Ati DEVICES, inc. 


Div. of 


4 Godwin Ave., Paterson, N. J. 


ARmory 4-8989 
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operated continuously at tempera- 
tures to 325 F, and maintain seal- 
ing characteristics necessary to pre- 
vent voltage flashover at high alti- 
tudes. Cannon Electric Co., 3208 
Humboldt St., Los Angeles 31, 
Calif. i 
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Pillow Block 


has wide inner-ring 
ball bearing 


New standard series LAKH pillow- 
block ball bearing meets require- 
ments for varying over-all dimen- 
sions. It has a wide inner-ring ball 


bearing which incorporates a fric- 
tionless and wearless mechanical 
seal which keeps lubricants in and 
foreign matter out. Unit is self- 
aligning in any direction. Fafnir 
Bearing Co., New Britain, Conn. B 
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Knurled Nuts 


for connections on 
glass and plastic tubing 


New knurled nuts, available in 
1/16 to | in. tube OD sizes, are de- 
signed for connections on glass and 
plastic tubing. Nuts are particu- 
larly recommended for installations 
which are hard to reach. When 


saan 


= hao 


nut is finger-tight, fitting forms a 
leakproof seal. Wrench pad per- 
mits use of wrench if desired. Craw- 
ford Fitting Co., 884 E. 140th St., 
Cleveland 10, Ohio. G 
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HOT PROBLEMS 


with 


VULCAN 
VERSATILITY 


- CARTRIDGE HEATERS 


- IMMERSION HEATERS 


When you have hot problems 
in electric heat, you get a 
speedy solution through Vulcan 
Versatility — in design, engi- 
neering and manufacturing. 
Complete line includes finned, 
ring, band and pressuring heat- 
ers. All elements are available 
in a wide variety of sizes, 
wattage and voltage ratings, 
sheath materials, lead wires 
and terminals. 


Write for catalog 








ELECTRIC COMPANY 
DANVERS 6, MASS. 








Cartridge ¢ Strip « Tubular » Immersion Electric 
Heaters Soldering and Branding Irons 
Solder and Glue Pots 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Isometric Template 


facilitates drawing 
of hex heads and nuts 


No. 122 template facilitates the 
isometric drawing of hexagon bolt 
heads and nuts. Cutouts have range 
of 13 sizes from 1/4 to | in. as meas- 
ured along isometric axes, in in- 
crements of 1/16 in. Each size has 
three cutouts—an ellipse for the 
chamfer circle, a cutout for chamfer 


arcs, and one for corners of hex- 
agon. Lower part of the latter can 
be used to draw an isometric hex- 
agon without chamfer. By using sec- 
ond cutout upside down, a nut 
with chamfer on both sides can be 
depicted. Template measures 83/4 x 
514 in., and is 0.030-in. mathemat- 
ical-quality plastic. Rapidesign Inc., 
P. O. Box 429, Burbank, Calif. L 

Circle 702 on Page 19 


Breadboards and Hangers 


are aluminum with 
chromic acid anodize 


Improved breadboards are available 
in 8 x 8, 8 x 16, and 16 x 16-in. 
sizes. Boards are jig bored with ,';- 
in. holes spaced on 0.250-in. centers. 
High precision in breadboard mock- 
up is obtained by use of component 
and bearing hangers which can be 
shifted to any position or facing 
on the board. Tolerances in bear- 
ing hanger shaft hole are held to 
+0.0000 and 0.0002 in. maximum. 
Hangers are offered holed for stand- 
ard size components or blank for 
custom boring. Both hangers and 
breadboards are machined alumi- 
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IN BEARING 
APPLICATIONS 


Availability of Sintered Powdered Metal Bearings and 
machine parts from a fully competent and technically 
responsible source opens the way to improvements in 
mechanical products. 


Bunting facilities for designing, engineering and 
manufacturing of Sintered Powdered Metal Bearings and 
parts are as comprehensive and responsible as the traditional 
Bunting competence in the field of Cast Bronze Bearings. 


A competent group of Bunting Sales Engineers in the field and 
a soundly established Product Engineering Department put at 
your command comprehensive data and facts based on wide 
experience in the designing and use of Cast Bronze and Sintered 


Powdered Metal Bearings and parts. 


Write for catalogs and your copy 
of the new 24 page Bunting 
Engineering handbook 
of Sintered Powdered 
products and their 
composition, 
manufacture and 
application. 


Bunting 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company + Toledo 1, Ohio «* Branches in Principal Cities 
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EXACT WEIGHT. SCALES 


control accuracy in 
Hayssen Packaging Machine 








®@ Scale indicators provide a constant, 
visual check on each scale’s accuracy 
while complete unit is in operation. 


Precision, even lever (1:1 ratio) 
scales assure minimum maintenance 
of weighing mechanism. 


The Exact Weight Net Weigher, 
above, is available as _ original 
equipment for installation in any 
high speed filling and processing 
machines. 


Four Exact Weight Scales. incorporated as original equipment in 
the Hayssen Model “F” Compak Automatic Packaging Machine. 


control each filling operation with extreme accuracy. 


Product is fed into a weigh bucket mounted on the scale lever. 
When the scale balance moves within approximately 14 ounce of 
specified weight. the fast feed is cut off and the trickle feed con- 
tinues until it is shut off automatically at correct weight. 


Exact Weight equipment can be incorporated into any machine 
that requires accurate control as a part of its operation. Complete 
engineering data is available. Write and give us your specific ap- 


plication. 


THE EXACT WEIGHT SCALE CO. 
923 W. FIFTH AVE., COLUMBUS 8, OHIO 
in Canada: P.O. Box 179, Station S, Toronto 18, Ont. 


Sales and Service from Coast to Coast 


BETTER QUALITY CONTROL... BETTER COST CONTROL 
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num and finished with chromic 
acid anodize. Dynamic Gear Co. 
Inc., 20 Merrick Rd., Amityville, 
N. Y. D 

Circle 703 on Page 19 


Pressure Transducer 


has flat diaphragm 
as presence-sensing element 


Model P-501 adjustable-range pres- 
sure transducer is a double-coil, 
variable-reluctance type, and has a 
flat diaphragm as pressure-sensing 
element. It is for use in missiles, 
blast studies, industrial instrumen- 
tation, and other applications which 
require an instrument of small size 
with high response rates and re- 
sistance to serve environmental con- 


ditions. Unit translates gas or liq- 
uid pressure to proportional elec- 
trical signals used in recording or 
control systems. Output is 0.3 v 
per v over carrier frequency range 
from 400 cps to 70 ke, allowing op- 
eration of all standard telemetering 
channels. Instrument is 7% in. in 
diam and 13% in. long; it weighs 
less than 2! oz. Research & De- 
velopment Center, Yuba Consoli- 
dated Industries Inc., Benicia, 
Calif. M 

Circle 704 on Page 19 


Miniature Power Supplies 


are transistorized, 
ac-de units 


Transistorized ac-de power supplies, 
each unit the size of a transformer 


alone, are for transistor, plate, and 
filament voltage. They are useful 
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wherever de power is required from 
an ac source, such as in the labora- 
tory, and in the field for computers, 
telemetering and airborne electronic 
equipment, and missile circuitry. 
Units are available with or without W-L DETROIT For the first time, HY-TEN D-2 air hardening steel 
regulation, and standard supplies now available here in rounds, squares, flats and billets. 
operate from 105-125-v ac 60 cps, Also a fine stock of standard alloy grades, especially 
or 400-cps single-phase, or 400-cps A-8620, as well as all HY-TEN grades. Excellent 
three-phase input. Outputs range service from our new warehouse. 

from 5 v de to 28 v de in power rat- 


ings to 5 amp, and from 100 v de W-L CHICAGO Steady demand for ““B’’ No. 3X for flame-hardened 


parts such as boring bars. Good stocks of HY-TEN 
AIS—the best carburizing alloy steel, and freest 
machining available today—a new W-L exclusive! 


W-t CINCINNATI This 23-station Avey 
Line-O-Dex transfer 
machine, designed and 
built by The Avey Di- 
vision of Motch & 
Merryweather Ma- 
chinery Co., Cuincin- 
nati, Ohio, is equipped 
to 300 v de in power ratings to 400 with spindles made of 
ma. Universal Transistor Products our HY-TEN “B” No. 
Corp., 17 Brooklyn Ave., Westbury, 2. This grade was 
L. I, N. Y. D chosen for its great ten- 
Circle 705 on Page 19 sile strength (100,000 
P. S. I. in the natural 
Tape Recorder condition), toughness, and fine wearing qualities. 


miniature unit has W-L CAMBRIDGE We are now distributing FLEXANGLE, the easy-to- 

up to 13 channels erect structure assembly for all types of racks, shelves, 
F platforms, etc. It’s completely universal and low in 
New tape recorder simultaneousls cost — can be used anywhere, by anyone, for any 
records data from tests conducted storage purpose. ; 
under sever environmental and 
limited space conditions. Permanent 
record is obtained which can be 


W-L HILLSIDE Our stock of flat and square sizes in HY-TEN M 

Temper Oil Hardening Steel can save you time and 
analyzed later. Tape survives high money in your tooling program. HY-TEN “B” No 
impacts at termination of tests with- 3X pre-heat treated in rounds, squares and flats avail- 
out loss of record. Recorder. which able in a wide range of sizes. Billets on hand for 
has up to 13 channels, features an hammer forging in all grades of HY-TEN. 


in-line recording head, precision ball . 
b ; ae " vi W-L CLEVELAND Excellent stock of brake die flats and squares. Also 
sarings supporting all revolving : a sar +. cena : 
Mie agi tS. ~ c many sizes up to 16” x 18’. in HY-TEN Mold Steel. 
parts, adjustable motor speed and . eet 
; Excellent deliveries. 
W-L BUFFALO A wide range of rounds and hexagons in cold drawn 
AISI leaded and non-leaded A-4140. Also many sizes 
of the new “‘B”’ No. 3X-40 in rounds and hexagons. 


Write our Cambridge office today for your free 
Wheelock, Lovejoy Data Sheets. They’ll give you 
complete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc 


m WHEELOCK, 
Migs ee og af LOVEJOY =) 


“~~ | 
Rs 5c Tig Teh yg AT S5i38)) 
Recording time is 120 sec at 7!/y ips. & COMPANY, INC. 
Weight of the unit is 22 oz. Eng- 133 Sidney Street, Cambridge 39, Mass. | wartnouse ASSN 
dahl Enterprises, Arcadia, Calif. L AGENTS: Southern Engineering Company, Charlotte, N. C.; 
Circle 706 on Page 19 Sanderson-Newbould, Ltd., Montreal & Toronto 
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MICRO-BEARING 
TRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


CONTACT ANGLE 


a mg Fig. 3 
by phe 
fo a Seb) 
ie € AT: | x 


Contact angle is the angle between a 
plane perpendicular to the bearing 
axis and a line connecting the two 
points on a given ball where the ball 
makes contact with the raceways when 
the bearing is subjected to a pure 
thrust load. In Fig. 1, the contact 
angle is represented by angle a. The 
significance of the contact angle is re- 
vealed by an examination of the forces 
present in a thrust loaded bearing. 


In Fig. 2, a simplified version of 
Fig. 1, the shaft and inner ring com- 
bination are represented by the plug 
a, the “working diameters” of the balls 
and represented by the rodlike mem- 
bers at b, and the outer ring is repre- 
sented by the tapered cup c. 


i The contact angle is a. This diagram 
represents a three-dimensional struc- 
ture with as many equally spaced rods, 
b, as there are balls in the bearing. 


The primary concern in design is 
the amount of compressive force to 
which rod 6 is subject, which is the 
force with which a given ball is pressed 
against the raceways. This force can 
be calculated by constructing a par- 
allelogram of forces as shown in Fig. 3. 


The sides T and R, are vector quan- 
tities, and diagonal B is the vector 
sum of T and R. Furthermore, the vec- 
tor sum of the thrust components on 
all the balls equals the total thrust 
load on the bearing. The vector sum of 
the radial components on all the balls 
is zero. Vector B, the force actually 
felt by the raceways and - balls, com- 
pared to vector T, the thrust compo- 
nent, varies significantly with changes 
in the size of the contact angle and is 
directly proportional to the thrust 
load component and inversely propor- 
tional to the sine of the contact angle. 


Example !: 

A bearing is carrying a pure thrust 
load of 21 pounds. Assuming seven 
balls in the bearing, each ball will 
have an axial load component of three 
pounds, since a thrust load is shared 
equally by all the balls. While the 
axial component on each ball is only 
three pounds, the actual compressive 
force, or squeeze, felt by the ball and 
raceways is considerably greater than 
this value. 





. 
= 


With a contact angle of five degrees: 
T 3 Ibs. ie 
B= —-|; - =- = 34.5 Ibs. 
sin a sin 5 
Thus we see that with a five-degree 
contact angle the actual load felt by 
each individual ball is actually con- 
siderably greater than the total 21 
pound thrust load on the bearing. 


Example II: 
Using the thrust conditions in Exam- 
ple 1, the contact angle is increased to 
20 degrees, by selecting a bearing with 
a larger value of radial play. 

3 paunds 8.78 pounds 


sin 20 

A 15 degree increase in contact angle 
produced a 74.5% reduction in ball- 
to-raceway contact stress. This rela- 
tionship should be noted by anyone 
who writes bearing specifications. The 
operational qualities of the bearing, 
such as low running and starting 
torque and bearing life, are a function 
of the ball-to-raceway contact stress. 
Thus the contact angle is highly 
significant. 

It is not necessary for a bearing 
user to calculate or specify the con- 
tact angle desired. It is only necessary 
to remember that low values of contact 
angle are associated with low radial 
play, and high values of contact angle 
are associated with high radial play. 
In addition to the above considera- 
tions, gyratory forces become extremely 
important factors in determining op- 
timum contact angle in high speed 
applications. 

A more complete discussion of con- 
tact angle is found in our design hand- 
book. 


DESIGNERS HANDBOOK OFFERED 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70-page authori- 
tative publication a great help in solv- 
ing problems in design- 
ing instruments or small 
electro-mechanical as- 
semblies. 

It will be sent free 
to engineers, draftsmen 
and purchasing agents. 
Write to: New Hamp- 
shire Ball Bearings, Inc., 


Peterborough 1, N.H. 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
District ottices: Pasadena, Calif., Park Ridge, Ill., and Great Neck, N. Y. 
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THE ENGINEER’S 


Library 


Recent Books 


Engineering Vibrations. By Lydik S. 
Jacobsen, professor and chairman, Depart- 
ment of Mechanical Engineering, Stan- 
ford University, and Robert S. Ayre, pro- 
fessor and chairman. Department of Civil 
Engineering, Johns Hopkins 
364 pages, 6 by 9 in., clothbound; pub 
lished by McGraw-Hill Book Co. Inc. 
330 West 42nd St., New York 36, N. Y.; 
f DEsIGN, 


University; 


available from MAcHINE $10.00 


per copy postpaid 


This analysis of technical vibra- 
tions of linear and nonlinear sys- 
tems emphasizes the transient state 
motion and considers the steady 
state as a special case. However. 
many important technical cases of 
steady-state vibrations are included. 
Classical methods of analysis are 
used where feasible, and extensive 
use is made of approximate methods. 


Technical Editing. By B. H. Weil: 278 
pages, 5 clothbound; pub- 
lished by Reinhold Publishing Corp., 430 
Park Ave., New York 22, N. Y.; 
from Macuine Desicn, 
postpaid 


by 7% in., 


available 


$5.75 per copy 


Basic concepts and principles of 
technical editing are presented in 
this book. Coverage of subjects in- 
cludes editing of technical reports, 
papers, abstracts, journals, manuals, 
and graphic aids. 


Administration of Salaries for Engi- 
neers and Scientists. By John W. Riegel: 
105 pages, 6 by 9 in., paperbound. 

Intangible Rewards for Engineers and 
Scientists. By John W. Riegel; 84 pages, 
6 by 9 in., paperbound. 

Both published by and 
available Publications Distribution 
University of Michigan, Ann 
Each book $3.50 per 
copy or both in one clothbound volume, 
$6.00. 


books are 
from 
Service, 


Arbor, Michigan. 


These reports are based on a study 
of utilization and motivation of en- 
gineers and scientists in industry. 
Included are many reasons for sat- 
isfaction and dissatisfaction with 
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salaries or intangible rewards, and 
suggestions for improvement of 
these means for motivating engi- 
neers and scientists. 


Information and Communication Prac- 
tice in Industry. Edited by T. E. R 
Singer; 304 pages, 6 by 9% in., cloth- 
bound; published by Reinhold Publish- 
ing Corp., 430 Park Ave., New York 22, 
N. Y.; available from Macuine DeEsicn 
$8.75 per copy postpaid 


This book presents principles and 
practices of industrial communica- 
tion. Methods for handling tech- 
nical information in such areas as 
technical writing, editing, illustrat- 
ing, information services, patent col- 
lections, and research files are in- 


cluded. 


Introductory Graphics. By J. Norman 
Arnold, professor of Engineering Graph 
ics, Purdue University; 543 pages, 

101% in., clothbound; published by 
Graw-Hill Book Co. Inc., 330 West 42nd 
St., New York 36, N. Y.; 
MacuineE Desicn; $7.75 per copy postpaid 


avaiable from 


This engineering drawing book 
emphasizes graphical solutions to 
engineering and mathematical prob- 
lems. It is designed to aid in the 
graphic representation of objects, 
data, and physical phenomena, as 
well as the solution of space and 
graphical analog problems. 


Insulation Engineering Fundamentals. 
By Graham Lee Moses; 117 pages, 8 by 


ll in., paperbound; published by and 
available from Lake Publishing C 718 


Co 
Western Ave., Lake Forest, Ill. 


per copy. 


This book describes basic con- 
cepts, selection, application, con- 
struction, and testing of insulation 
for rotating machinery, and elec- 
tronic equipment. 


Association Publications 


Automation Systems. 180 pages, 6 by 
9 in., clothbound; published by and avail- 
able from Engineering Publishers, GPO 
Box 1151, New York 1, N. Y.; $5.00 per 


copy. 


Contained in this book are 16 
papers on various aspects of auto- 
mation presented at the Second Elec- 
tronics Industries Association Con- 
ference on Automation Systems. 
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Don’t Pay for 
Precision You Don’t Need 


RMB Filmoseal Bearings 
available in low-cost ABEC-1 
as well as ABEC-5 tolerances. 


Big news in the miniature bearing field! RMB’s famous Filmoseal 
Bearings—the only sealed miniature bearings—are now made to low-cost 
ABEC-1 as well as ABEC-5 tolerances. This means designers can use these 
advanced design bearings even in those slightly less demanding applications 
where cost is a primary consideration. Designers can take advantage of 
such features as: 


1. Stainless-steel construction throughout 

2. Lubricant retention at high temperatures. 

3. Non-contaminating at all times. 

4. Two-piece ball separators for high speeds 

Open radial Conrad-type bearings are also available in this new grade. 
A wide range of sizes is available from 3/16” (0.1875”) to 1%” (.5000”) 
OD including many metric sizes 

Write for your copy of the new RMB Miniature Bearings Catalog which 
gives full details on these as well as the entire line of quality RMB Bear- 


ings. Ask for Bulletin 62. 
LANDIS & GYR, INC. 


45 West 45th Street ° New York 36, N. Y. 
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'SPECON 


MECHANICAL DIFFERENTIAL 
DRAW TRANSMISSIONS: 


Infinitely variable within a selected range, 
Specon ‘Draw transmissions give accuracies 
approaching fixed gearing. By compressing 
the adjustment ratio into a narrow output 
range—5°% for example—speed accuracies 


SPEED 
ACCURACIES = 
T0 .01% within .01% are maintained regardless of 


load change. 


One line in a family of Specon Drives & Trans- 
missions manufactured by Stratos, these all 
mechanical, entirely positive transmissions pro- 
vide speed control accuracies heretofore un- 
available. Capacities to 20 horsepower and up. 


Other Specon units include special differential 
gearboxes, wide range (zero to max.) adjust- 
able speed mechanical and electrical differen- 
tial drives with such unique characteristics as 
full torque at zero speed, shockless starts, 
smooth reversing. 


For complete information, write to: 


Le -7-vegek 4 Industrial Products Branch 


#42, Route 109, West Babylon, N. Y. 
Other Products: Turbo Expanders and Compressors, 
Pneumatic Pressure Regulators 
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MINIATURE 
AGASTAT™ 


time delay relay 


for... missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING .. . reset time—less than .020 


seconds 


UNAFFECTED BY VOLTAGE VARIATIONS . . 


mains constant from 18 to 30 volts DC 

ADJUSTABLE . . . time delays from .030 to 120 seconds 

CHOICE OF OPERATION ... for either energizing or de-energizing 
SMALL . . . height—458" . . . width—1-13/16” . . . depth—12” 
LIGHT . . . maximum weight—15 ounces 

MEETS ENVIRONMENTAL REQUIREMENTS OF MiIL-E-5272A 


. time delay re- 


This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reli- 
able operation on automatic aids to navigation, in a space-saving 
miniature unit, built to withstand the rugged environmental 
conditions of missile and aircraft applications. 

For specific information on the new AGASTAT relay for 
your sounastion write to Dept. A29-928. 





ry ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 
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Reversible Torque-Limiting Mechanism 


A drive assembly transmits fast rotation to a driven 
member until a limit of resisting torque is exceeded, 
then continues to release and engage with hammer-like 
blows as long as power is supplied. Key element is an 
impact cam mounted to float about a fixed pin and 
driven by a rotating lug. Below torque limit, centri- 
fugal force holds the cam at its outermost position, 


a, engaging an anvil lug on the driven member. At 
the torque limit, the driving lug forces the cam over the 
anvil lug, b. Having passed the anvil, c, the cam re- 
turns to its outer position, travels freely for about 270 
deg, and re-engages the driven lug with impact. Ge- 
ometry of the cam shape determines limit torque. Di- 
rection of rotation and sequence of events are both re- 
versible. Patent 2,842,994 assigned to Aro Equipment 
Corp., Bryan, Ohio, by Robert E. Stine. 


Light Conductor 


A slit of light, uniformly intense from end to end, is 
achieved with a long plastic prism one surface of which 
is accurately tapered and silvered. Parallel beams enter 
the end of the prism and reflect from the tapered sur- 
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NEW INVENTORY SYSTEM 
SPEEDS RIVET DELIVERIES 


This new system keeps our inventory high so you can keep 

Judson L. Thomson yours low. It’s based on the 800 most-used standard rivets. 

It’s backed up by productive capacity exceeding 20 million 

now keeps 500 million rivets rivets a day. When your order comes in, semi-finished rivets 
are quickly finished to your specifications . . . and delivery 


in stock to meet 4 nl 
is geared to your production schedules. 


your everyday needs Next time you need rivets, order from Thomson because . . . 
TWENTY MILLION A DAY — SPEEDS RIVETS YOUR WAY. 


JUDSON L. THOMSON MFG. CO., WALTHAM 54, MASS. 
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10,000P.S.I. 


(Lway VALVE 
FOR LIQUIDS OR GASES 


LOW HANDLE LOAD 
(ONLY 12 LBS. FOR 2” VALVE 
AT RATED PRESSURE.) 


90° TURN OF HANDLE. 
POSITIVE STOPS ON 
EXTREME POSITIONS. 





DETENT STOP IN CENTER 
(OPEN CENTER OR CLOSED CENTER 
FLOW PATTERNS.) 


STAINLESS CONSTRUCTION 
THROUGHOUT 


LARGE BALL THRUST BEARING 
FOR EASY OPERATION. 


LEAK-PROOF “SHEAR-SEAL” DESIGN 


This new four-way valve series comes in pipe sizes from 
Y%, to 1 inch, but may be obtained with tube, AND 10050, 
or any preferred special high pressure connection. It will 
withstand surges of up to 15,000 P.S.I. without damage 
to the valve's sealing qualities. It is designed for a burst 
pressure of 30,000 P.S.I. 


No port to port leakage occurs in the detented positions 
because of the exclusive ‘‘Shear-Seal’’ design. 


Long, maintenance-free service is assured because the 
optically flat metal to metal sealing surfaces of the seal- 
ing rings and mating rotor faces are protected by staying 
in constant intimate contact; flow is always through the 
center of the ‘Shear-Seal"’, never across sealing surfaces 
(as in conventional valve design). Sealing qualities actu- 
ally improve as the self aligning ‘‘Shear-Seals"’ lap them- 
selves to a more perfect fit with each valve operation. 


Of course, there is no external shaft leakage, because 
the pressure is confined to the flow passages. 


Write for Catalog 58-59 


arksdale valves 


CALIFORNIA 


CONTROL VALVE 
DIVISION 


5125 ALCOA AVENUE e@ LOS ANGELES 58 @ 
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NOTEWORTHY PATENTS 





face. A converging section adjacent to the tapered length 
helps to concentrate the light. The prism material is 
transparent plastic, such as methyl methacrylate, with 
an index of refraction of 1.5 approx. Heat generated 
at the light source is not transmitted through the 
prism to the point of use. Patent 2,843,664 assigned to 
Fairchild Camera and Instrument Corp., Syosset, L. L., 
N. Y., by Robert E. Olin. 


High-Pressure Pump 


A reciprocating-plunger pump with tungsten ball 
valves in the suction and discharge channels can with- 
stand pressures of 50,000 psi and can operate at a speed 
of 100 strokes per minute. Important features are the 
seals in the flow channels and at the cylinder end op- 
posite the plunger. At all these points, sealing is ac- 
complished by interference between adjacent conical 

















surfaces having different slope angles—essentially cir- 
cular line contact. Threads on these same members do 
not seal but only serve to load the contacting members. 
Seals around the reciprocating plunger are washers of 
metal, such as Babbitt or silver. Patent 2,841,092 as- 
signed to Milton Roy Co., Philadelphia, by Irvin R. 
Whiteman and John T. Barron. 


Adjustable Shock-Load Indicator 


In a simple enclosure, intended for attachment to a 
larger article, a ball drops to indicate that a shock load 
has been exceeded. In its original position, the ball is 
suspended against the end of an adjusting screw be- 
tween the poles of a magnet which forms the cap of the 
enclosure. The screw setting, which can be read from 
a graduated scale on the top of the enclosure, indicates 
the force holding the ball suspended. A shock force 
greater than the holding force drops the ball, and 
spring-loaded fingers prevent return to original posi- 
tion. Patent 2,843,076 assigned to Aerophysics De- 
velopment Corp., Santa Barbara, Calif., by Howard L. 
Cook, Leon R. Clark, Russell F. Knopp, and Dennis 
A. Marlow. 
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AIR DASHPOT 


with Permanent Calibration 


AIRPOT’ 


is the New Precision Dashpot, 
designed to meet your require- 
ments for one-way or two-way 
| ADJUSTABLE damping for time 
| delay, vibration damping and 
| stabilization. Precision bore glass 
tubing and carbon piston assure 
reliability through millions of 
cycles. Small in size, weighing 
less than an ounce, AIRPOT* units 
are easily mounted and adjusted. 


t 


| PERFORMANCE DATA 
Damping constant: adjustable up to 
2.0 Ibs/inch/sec. 
Static and Sliding Friction Coeffi- 
cient: less than 0.2 
= Temperature Range: from —75°C to 
B 150°C. 
B Choice of cylinder lengths, and con- 
m necting rod spring gradients of 6.6, 
10, 20 and 200 Ibs. 


Write or call 





for specific information 


ELECTRIC REGULATOR CORPORATION / \2nc/actwrorsof RECOM: 


Norwalk, Connecticut . Victor 7-2401f Magnetic Amplifiers 
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Keep up with Bearing Progress — Specify. . . 


SEAL/MASTER BALL BEARING UNITS 


BULLETIN 454 


SEAL 


Exclusive Combination of 
ASTER Features 
oO) Outstanding Quality Con- 
trolled Production 
Complete Line 
Global Engineering and Dis- 
tributor Service 
Prompt Delivery Schedules 
BEARING DIVISION 
STEPHENS-ADAMSON ‘MFG. CO. 
I8RIDGEWAY AVENUE 
AURORA, ILLINOIS 


— 
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SPECIAL NUTS 


“to specs. Ke — AY; ” cross flats 





special large stock years of 
machines of material experience 





+ 
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Here are a few samples made to customers specifications . . 
Our batteries of special high-speed multi-spindle, automatic 
machines make possible fost and accurate production of 
hexagon nuts of non-standard height and special shape 
from carbon or alloy steel, Naval bronze or other non- 
ferrous metals; also AN 310 through AN 335.cs per latest 
Airforce specifications. Very often the special nut you require 
may be similar to one we are already making and a'simple 
modification would result in a price advantage and quicker 
deliveries to you .. Send us your blueprint and particulars 
_ —let us quote on your requirements .. We also have a | 
catalog that contains complete specifications, engineering 
data and prices regarding our standard nuts, 


Bone ies 


*12 Pointer Standards, sizes: 4" to %”’ — beans on request 


Wanufacturer of Standard 
NATIONAL aud Special*12 Potuter aud 
MACHINE 


Hexagon Mente...” Huglock 
BUROOUCTS: ors ca a, wan mak 
ps COMPAN Y | 
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WARRICK 22% yo MEERA 0" Hoye”- 


My) 


\ : 
HN Hh b 4 ...HAS MADE 


LIQUID LEVEL CONTROLS... DY vl Ay DUDEK & BOCK 
give you all these advantages! 


No moving parts in the 


liquid @ Easy to install UY) ] WIRE FORMS 


@ No adjustments neces- 


sary @ Unaffected by acids \ar BY SPRINGS 
or caustics @ Unaffected by j . 

pressure or temperature @ METAL STAMPINGS 
Standard 2&3 pole units } In Industry, in homes, farms and 
listed by U/L shops, you'll find daily, living proof 
Write for 32 that D-&-B’s KNOW-HOW pays 
rite Tor : “page out in EXTRA performance. Rely 
Catalog which gives on expert engineers for parts that 
wei apiaaiion a ne 
" Springs and Stampings that are 
easily assembled . . . that 
S withstand stress . . . and 
YOU CAN USE OUR CONTROLS FOR: perform under the most 
trying conditions! 


@ Single & multiple pumps e¢ Sewage & waterworks S w= 

e Motor & solenoid valves ee Chemical Industries \ 3 =pEEDY [DELIVERY 

e High & low cutoffs @ Food & Dairy Industries zs t _ WRITE — WIRE — or PHONE 
& clarms © OEM applications ; for Estimates and Delivery Dates 


Two pole control shown ot left 


Special controls to custom requirements 


CHARLES F. WARRICK CO. DUDEK & BOCK 


1964 W. Eleven Mile Road, Berkley, Michigan . 
Dep't 7 Telephone JOrdan 4-6667 ’ : SPRING MFG. CO. 
DICKENS 2-1020 4014 W. Grand, Chicago 51, Ill. 
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SAVE TIME New Compact 
SAVE DOLLARS A Star erecia) 
talty / 


SOLVE PROBLEMS Siataiee” se , 8 xX ® 
Write today for ee a 
lle. ae 


STAR’S "Err | THERMOCOUPLE HEAD with 


STAINLESS HINGE Lars ste 


Bright chrome finish 
a | Corrosion resistance 


for 


use with 30 gage to 14 gage 
wire—maximum __ operating 
temperature of +4300° F. 
(continuous) or +450° F. 
(intermittent). Ideal with 
RIGHT OFF-THE-SHELF® ... Conax Thermocouple Glands, 
Conax Speedwells, Conax 
Flex-tube Assemblies, Conax 
Safetywells and other similar 
applications. 


More than 30 different sizes 
and types including continu- 
ous or piano type hinges, butt 
hinges in blank, fixed pin, 
loose pin types, etc. 
Wide range of variations for yr oe WRITE FOR CONAX DATA 
special applications. CPr 
Write, wire ~4 HELP YOURSELF from Star's re BOOK SHOWING COM- 
phone for your elt new catalog of stainless steel . PLETE LINE OF THERMO- 
copy RIGHT NOW. LE ae hinges and other stainless \ Sr COUPLE ASSEMBLIES AND 


j steel fastenings. ee PRESSURE SEALING 
.2 STAR STAINLESS SCREW CO. . GLANDS. 


: # fmm 658 Union Bivd., Paterson 2, New Jersey 
EE Telephone: Clifford 6-2300 


WISSEL LEE (yx Direct New York phone: Wisconsin 7-9041 corporation 
Direct Philadelphia phone: WAlnut 5-3660 € © ae x 2324 Walden Ave., Buffalo 25, N. Y. 
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How stock pumps 
solve special problems 


CASE HISTORY NO. F6989 


This “100” Series Duplex Unit was developed from 
stock pumps and parts by Brown & Sharpe for a 
customer who needed a compact unit that would: 
(1) Deliver lubricating oil to a gear case, (2) Scavenge 
oi from the case and pump it back to the supply 
tank. These functions were accomplished by having 
two pumps driven through reduction gears from a 
single motor. 

The 100 series incorporates a pump mounted on the 
end bell of an 1800 RPM gear head motor. Reduction 
gears are available to provide pump operation at 
speeds of 300 to 1000 RPM... .. to suit different volume 
requirements. Pump gears and shafts are one-piece 


PROGRESS IN PRECISION FOR 125 YEARS 


case hardened steel; the housing, close-grained gray 
iron. Units are available with or without relief valves. 
Brown & Sharpe’s complete line of gear, vane and 
centrifugal pumps, backed up by expert engineers, 
has saved money for customers in thousands of 
applications. 

For information about B&S pumps for fluid trans- 
fer, please write to Brown & Sharpe Mfg. Co., 
Providence 1, R. |. 

For information about pumps and valves for 
hydraulic applications, write to Double A Prod- 
ucts Company (a subsidiary of Brown & Sharpe), 
Manchester, Mich. 


Brown & Sharpe > 


PUMPS * BOUBLE A HYDRAULIC VALVES* PRECISION TOOLS AND GAGES © MILLING, GRINDING AND SCREW MACHINES « CUTTERS * MACHINE TOO 
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Lepel 
HIGH FREQUENCY 
— 4 Ue 


HARDENING 
SOLDERING 
ANNEALING 
MELTING 
BRAZING 


)») 


LEPEL Electronic Tube 
GENERATORS —1 KW; 2'2 KW, 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 
75 KW; 100 KW: 
LEPEL Spark Gap Converters 
2 KW; 4 KW; 7'2 KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 


packed with valuable information. 


All Lepe!l equipment is certified to comply with the 
requirements of the Federal Communications Commission. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


SSth STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N Y 
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e Metal or Plastic Caps or 
Plugs to protect threads, tubes, 
machined parts, reamers, 
cutters, tools. 


e Protect against thread damage, 
dust, dirt, and moisture. 


e For inside and outside 
application. 
All sizes. Immediate delivery. 


Clover closures are made in metal and tough 
plastic polyethylene. They are made in caps, 
plugs and special shapes to fit parts tightly, 
offering completely sealed protection during 
manufacture, shipping and storage. Backed by 
years of closure experience. Write for low 
prices and complete information. 
Send coupon today ! 
Gentlemen: Please send samples and prices of 


closures in Aluminum 





Polyethylene [ 


Name 
Address 
City...... : 


Jo CLOVER INDUSTRIES, INC. jo ondin"y 
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ACCESSORIES 














MAYLINE 





MAYLINE 


YOU 
CANT 
BUY 
BETTER! 


Productwise, pricewise, combinationwise, you can’t beat 
Mayline products. Serving industry for a long, long 
time, Mayline has acquired an enviable reputation for 


fine drafting room furniture and equipment. 


Mayline has for its customers the May-O-Matic, 4-Post 
table in steel and wood, pedestal style tables, metal 
and wood plan files, drawing boards, and kits, straight- 


edges and other equipment. Your dealer sells Mayline 


MAYLINE COMPANY 


601 No. Commerce St. 


Sheboygan, Wisconsin 





ANIAVW 














MAYLINE 
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of standard 


specifications 


TERMINAL PANELS 
qooetion Complete Equipment 


7 FOR 


puges of Jones Catalog 
inustrate standard and 

anew we are constantly 

Latest special equip 

enadies us promptly to 
produce practically any panel 
required Send orint or de- 
scription for prices. without ob- 
ligation Hundreas of standard 
terminal strips aso listed. Send 
for Catalog, wun engineering 


arawings and acia 





JONES MEANS Proven QUALITY 





Howarp B. Jones Division 


NCH MANUFACTUR ORPORAT 


SUBSIDIARY OF UNITED-CARR FASTENER “CORP 
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INVESTIGATE MARK-TIME 


MECHANICAL NZ, 
Er 
TIMERS EA 


CATALOG 


ELIMINATE ELECTRICAL FAILURES 
Custom-built timers in small, medium or SECRET 
large quantities are our specialty. Over Current use in guid- 
3,000 different kinds of timers presently ed missile program 
being produced. Timers can be designed includes four major 
to ring bells, flash lights, turn valves, cut areas —-TESTING, 
cords, stop, start or operate electrical or LAUNCHING, FIRING, 
mechanical equipment, etc. Timing ranges RECOVERY. R. & D. 
from seconds to hours. Unlimited uses for work welcome. 
practically all products — all fields. 


, iy % HARTFORD 
s- M. H. RHODES, ING. connecticut 
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How 


ERROTECHNICS 


can save you 
money 


The term CERROTECHNICS refers to the tech- 
nology of using bismuth alloys (CERRO* ALLOYS) 
in some 63 known industrial operations. It can save 
you substantial time and money in: anchoring 
stationary machine parts . . . holding permanent 
magnets . . . securing punches and dies . . . reclaim- 
ing cracked dies . . . bending thin-walled tubing .. . 
making molds for plastics . . . electroforming molds 

. reproducing master patterns . . . filling blow 
holes in castings . . . making chuck jaws ... and 
handling many other industrial tasks. 


For the complete listing of 63 CERRO 
ALLOY applications, send for our new 
1, information-packed “HOW TO” (No. J4) 
® Wf 


booklet. 


CERRO DE PASCO SALES CORPORATION 


Room 1508, 300 Park Avenue, New York 22, N. Y. 


*T.M. Cerro de Pasco Corporation. 
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SHEFFIELD SELECTS 
AIRMATIC 


. 
Disconnects 
> 
mm for Air— 
sf z + 
3 Fluids—Gases 
— These Series “D’ Quick Couplings ore” 
- interchangeable with all popular makes 
They are ideal for fluid or gas applica- 
tions up to 10,000 p.s.i. for Compressed 


air lines, Pneumatic tools, Industrial 
fluids, Instrumentation, Materials handling 


vy 


sete 


ee ea 


Features 


* Small and Compact Greater flow, positive seal 


° Just “plug in“. No 


4 


mati 
turning or twisting 
* Que Hand Operation Fast and easy. Saves 
time 


° ~ 360° Swivel Prevents kinking or twisting 
é of hose 


fie 


ee 


Brass Sockets Cadmium plated steel plugs 
Pipe Sizes Ye" through 34” 
Write for Bulletin #1500 


“WHERE Good Counections COUNT” ® 


PERFECTING SERVICE CO. 
332 Atando Ave. Charlotte, N. C. 
Baltimore— Buffalo — Camden, N. J.— Chicago 
Cleveland—Los Angeles — New York — Providence 
Hamilton, Ont.— Montreal— Toronto 


FOR GAGING STATION 
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PROBLEM: The Sheffield Corporation of Dayton, 
Ohio, wanted positive and reliable operation of 
the colormarking device used for identification 
of production items as produced by their con- 
necting rod gaging machines. 


SOLUTION: The Model C-1125 11%” small-bore 
cylinder shown above. 


Airmatic cylinders are machined from brass tub- 
ing and bar stock. No castings are used. The front 
head is threaded to the cylinder tube. “O” rings 
of the aircraft type mean smooth trouble-free 
operation with long life between servicing of the 
packing. They are available in sizes of 4", Yr", 
4", 1", 14%” and 114” with single threaded end 
or clevis end. 


OTHER APPLICATIONS: Airmatic small-bore 
cylinders are especially useful in test jigs, minia- 
ture air vises and in automatic work for feeding, 
ejecting, soldering, welding, brazing, stamping 
and bending as well as marking. 


SOLON COMPRESSION WASHERS OTHER MODELS: Airmatic makes over 300 
PRESTRESSED FOR MAXIMUM models of valves and cylinders for almost every 


mechanical control need. For complete details, 
LOAD IN MINIMUM SPACE write or telephone Cleveland: WOodbine 1-8633. 


"Aali-Mdelate (Xia) hiia-Miti-lgelitla= 


SOLON MANUFACTURING CO. ~ AIRMATIC VALVE, INC. 


Jo) Ke) Mme) sie) 7317 Associate Ave. «+ Cleveland 9, Ohio 
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Versatile! 

New HUSCO “3200” Valve 
Two Readers Offers 

Priced Right for 1 &S Power-Saving 

? Multi-Position 


g ® : 
[ ‘ a Get the facts—and you'll recog- 
; nize unlimited fluid control op- 


portunities for this new HUSCO 


A p e r t U r e . a r d s ’ D. . "  * ‘ **3200'" Multi-Plunger Control 


Valve. Here are some features: 









































The Filmsort Company has broken the price barrier on 

microfilm readers with its two new models designed and 

priced for engineering department usage. Sou see See oeen enh éezign. 
Both cover the entire frame of a microfilmed engineer- trol needs! Check HUSCO 

ing drawing. The Inspector “50"—a portable model— fist for sedern Upérnnite TOTS Comtrt Peete, lee. 

costs $59.50. The Inspector “25"—a vest pocket gadget units engineered to your Oe A ae 88 

—costs $5.50. specific needs—-cylinders Pilot-Operated Relief permits setting to 
At these prices, everybody can have a reader. control valves, rotary maximum of 50 1b. variation—for H.P 
There isn't enough space in this advertisement for swivels, selector valves ee 


pictures and specifications. So, why not write us and ask and others. Write or Accurately rated capacity—35 G.P.M.— 


phone— 


for our new one-page brochure on the Inspector 50" with high pressure carryover 
and Inspector "25"? BLP HYDRAULIC UNIT 
The Filmsort Company HUSCO SPECIALTIES CO. 


meepsiesenndevenivagin Pumps « Valves e Cylinders 
A DIVISION OF MIEHLE-GOSS-DE N ® ‘ 
aca ws la ~ eres P.O. Box 257-M Waukesha, Wise. 
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Get the whole story on @ Choice of ONE to SIX plungers, with 
the new HUSCO ‘‘3200’’ sealed ends—in completely balanced 
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HEAVY DUTY 
D.C. SOLENOIDS 


MODEL SS 


VOLTAGES... . (D.C. Only) 
6V. 12V. 24V. 32V. 


CURRENT DRAW ... (Pulling) 
50A. 30A. I7A. 7.5A. 


CURRENT DRAW . (Holding) 
1.7A. .95A. .28A. .25A. 


DUTY........ Continuous 

CYCLES . . Not to exceed 6 
per minute 

PULL . . Approximately 10 Ibs. Our widely diversified experience and 


over 2" stroke ample manufacturing facilities; the ability 
WEIGHT 2% Ibs. 


Precision engineered — low cost! 


to produce specification springs of con- 

MODEL SD sistent uniformity — are reasons why so 

VOLTAGES... . (D.C. Only) many of the nation’s leading manvufac- 
12V. 24V. 32V. 115V. turers specify HAN-DEE. 


CURRENT DRAW . . (Pulling) 

ak oA tha BAA” Send For Our Free Catalog 
CURRENT DRAW . (Holding) 

0A. .31A. .19A. .07A 
DUTY....... . Continuous 
CYCLES . . Not to exceed 6 wet 

per minute 

PULL . . Approximately 10 Ibs. 


er apehaay THE HAN-DEE SPRING & 
SYNCHRO-START PRODUCTS, INC. ag ANUFACTURING COMPANY 


8151 N. RIDGEWAY AVE., SKOKIE, ILLINOIS 
2076 PARK STREET, HARTFORD, CONNECTICUT (PSE. 
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NEW HIGH SPEED ADJUSTABLE CLOSURES, 


IN A WIDE VARIETY OF 


SIZES AND SHAPES, 


CUT PRODUCTION TIME AND COSTS! 


MOELLER Mfg. Co., Inc. 


Industrial Division 
2401 DURAND AVE. 
RACINE, WIS. 


Cam or Lever Action 
Test Plugs and Seals 
designed for high 
production use! 


Snap-Tite types for use during 
processing of machine parts, 
tubes, molds, castings, tanks and 
for testing low pressure applica- 
tions. Turn-Tite types for higher 
pressure applications. Also where 
restricted clearance prohibits cam 
action closure. Also types to 
accommodate pressure line con- 
nector. Snap-Tite and Turn-Tite 
also used as permanent parts of 
finished products 
Write for catalog 


Direct Inquiries to Dept. 26 
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EASTMAN FLUID POWER LINES 





EASTMAN 
HIGH PRESSURE LEADERS 


All available in sizes from 4" thru 2” 
375—5000 PSI working pressures. 


Permanently attached 
Male. (NPTF) for 1, 2 
& 3 wire braid hose— 
also 4 spiral wire. 


Permanently attached 
Male Flare (JIC) for 1, 
2, & 3 wire braid rub- 
ber cover hose. 





ears 


Reusable Swivel Fe- 
male for rubber or 
cotton cover hose. 
Full line available. 


cations. 








J) 


Bent Tubing designed to your specifi- 
Submit your blueprints or 
call on Eastman Engineering. 


Eastman Automotive Air Condition- 


ing and Power Steering Assemblies 
for major automotive manufacturer. 


Clamp Coupling with 
Split Flange Stems for 
1 wire braid 
rubber cover hose. 


— 


DESIGNED 
and DEVELOPED 
4y4 ENGINEERS 


{pu ENGINEERS 


Many leading original Equip- 
ment Manufacturers submit 
their original specifications for 
their initial quotation to 
Eastman because: 


@ Eastman, “First in the 
Field,” offers unequalled 
experience in laying out 
fluid power lines. 


@ Eastman’s cooperative 
engineering counsel is 
highly respected by all 
OEM's in the trade. 


@ Eastman is recognized for 
quality of materials and 
workmanship—design and 
engineering. 

Let EASTMAN recommend 

the best assembly... for the 

best performance ... at the 
lowest cost. 


While 


for New 








Eastman 
Bulletin 
No. 347 


= 
Eastman MANUFACTURING COMPANY 


Dept. MD-9B, Manitowoc, Wisconsin 
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LONG LIST OF STOCK GEAR DIES 
OFFERS YOU BIG SAVINGS! 


ACCURATE STAMPED GEARS 
by WINZELER are BIG savers 
of time and money. Single stamp- 
ings are laminated to wide faces 
at savings up to 60%! Further 
economies are made possible by 
a BIG range of stock Dies. Mod- 
ern new plant, methods, and 
equipment now greatly increase 
production speed, efficiency and 
economy! Send blue prints. Tell 
us about your needs today. No 
obligation. 


FACTURING 


SEND FOR... 


New listof WINZELER- 
made stock Gear Dies 
Ask for it on 


letterhead, please’ 


company 


60. p 


£ 100! 


7355 W. WILSON AVENUE + CHICAGO 31, ILLINOIS C 
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DIMNCO-GRAY Stock plastic 
KNOBS...HANDLES 


WRITE FOR THIS 


COMPLETE CATALOG 


NO TOOL CHARGE! 


Wide selection of stock knobs, handles 
and plastic parts available without tool- 
Many minor changes 
threads, special 


to meet 


ing cost to youl 
design, 
etc.) can be made 


(color, inserts, 
materials, 


your requirements. 


DIMCO-GRAY COMPANY 


204 EAST SIXTH STREET—DAYTON 2, OHIO 
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20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 











nie 


SPURS e HELICALS @ WORM AND WORM GEARS 
STRAIGHT BEVELS « LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @ ODD SHAPES 


GEARS 


THE Fined” lites 
= AME 


ROCKFORD, ILLi — 








1031 PARMELE ST. 
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For ‘fixed’ fastenings or 
‘hard-to-reach’ assemblies 
USE : 


GRIPCO 
CLINCH NUTS 


WITH THE EXCLUSIVE 
HEX ON HEX 


FEATURE 


, NUT + WNUTE 

CLINCHED SOLID STAKED-IN HEX HOLE BE- 
TO FLOAT FORE CLINCHING 

For positive attaching of a threaded 
medium to thin metals. They are 
clinched solid for a rigid application, 
or staked in with a six point staking 
punch for a floating effect. This takes 
care of misalignment and creates an 
easier application of the bolt. Gripco 
Clinch Nuts can be clinched or staked 
with hydraulic or air equipment. Full 
details available — write for samples 
and data sheet today. 


NUT company 


ius Maple Ave. 
South Whitley, Ind. 
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ENGINEERING 
OPPORTUNITIES 


Progressive, medium-sized, multi-plant organization lo- 
cated in Central Connecticut has several positions avail- 
able for qualified Project Development Engineers and 
Machine Design Engineers. Previous experience in the 
development or design of medium to heavy automatic 
and special machinery essential. Typical experience 
would be as a development engineer or machine de- 
signer on packaging or metal stamping machines or 
similar types of mechanisms. 


The Emhart Manufacturing Company is a Connecticut 
organization consisting of the following well-known 
companies: Hartford-Empire, Standard-Knapp, Sky- 
worker, V & O Press and Maxim Silencer. As a di- 
versified manufacturer, our machine products are lead- 
ers in the field of glass making, automatic packaging, 
automatic press and special machinery, and hydraulic 
aerial lifts. 

M. E. degree preferred. 

Send resume stating background, experience and salary 


requirements to: 
Personnel Department 


EMHART MANUFACTURING COMPANY 


333 Homestead Avenue, Hartford 2, Connecticut 
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ENGINEERS 


AVAILABLE OR WANTED 














WANTED: PACKAGING EQUIPMENT MAN. Age 25-35. High 
School or College Graduate. Some experience in packaging 
or overwrapping equipment such as found in Textile, Food 
and Meat Industries. Some travel. Willing to relocate if nec- 
essary. Good starting salary. Incentive Plan, All expenses 
paid. Reply in confidence. Box 233, Simpsonville, South 
Carolina. 


WANTED: Mechanical or electrical engineers for challenging 
opportunity in editorial work. See Page 169 for details. 
gees Editor, MACHINE DESIGN, Penton Bldg., Cleveland 
1 io. 
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OGHINE DESIGH Send reprints without charge as circled below: 
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Penton Building 9 10 11 12 13 
Cleveland 13, O. 
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MACHINE DESIGN 





Fifth Conference on Mechanisms 


cosponsored by Purdue University and Machine Design 


OCTOBER 13-14, 1958 ° 


PURPOSE of this continuing series of Conferences is 


to promote better understanding, design and applica- 


tion of mechanisms. All designers and engineers inter- 
ested in the design and development of mechanisms are 
cordially invited. 

ADVANCE REGISTRATION may be completed with 


the form below. The fee of $35.00 includes a banquet 


Lafayette, Indiana °* 


PURDUE UNIVERSITY 


on October 13 and a luncheon on October 14, as well 
as a copy of the Conference Transactions. 

HOUSING RESERVATIONS may be made with the 
Union Club on the Purdue campus by the form below. 
Rooms are also available at the Fowler Hotel in Lafa- 
yette (write direct), or those driving may prefer Morris- 
Bryant Motel, Cedar Crest Motel, or Green Acres 
Motor Court (all 2-4 miles north on U. S. 52). 





MONDAY, OCTOBER 13 
10 a.m. 


SESSION 1—Fowler Halli—Memorial Center 
EUROPEAN REPORT 

Prof. J. Denavit, Northwestern University 
SPACE MECHANISMS 

Dr. Rudolf Beyer, professor of kinematics and mechanism 

design, Technical University, Munich, Germany 

1:30 p.m. 1:30 p.m. 1:30 p.m. 
SESSION 2A SESSION 2B SESSION 2C 
Room 206 Fowler Hall Room 214 
Memorial Center Memorial Center Memorial Center 
Session 2A 
CYCLOIDAL CRANKS 
E. H. Schmidt, senior mechanical consultant, 
de Nemours & Co. 
INFLECTION CIRCLE AND POLODE CURVATURE 
Prof. A. S. Hall Jr., Purdue University 
APPLYING THE INFLECTION-CIRCLE CONCEPT 
Prof. James C. Wolford and Prof. Donald C. Haack, Uni- 
versity of Nebraska 
Session 2B : 
DYNAMIC ANALYSIS OF CAM MECHANISMS 
Prof. Ray C. Johnson, Yale University 
CAM TORQUE CURVES 
Prof. Harold A. Rothbart, City College of New York 
PIVOTED-FOLLOWER CAM SYSTEMS 
Robert L. Droke, associate engineer, International Business 
Machines Corp. 
Session 2C 
A MECHANICAL SQUARING DEVICE 
Sigmund Rappaport, project supervisor, Ford Instrument Co. 
MECHANICAL ANALOG COMPUTER COMPONENTS—1 
George W. Michalec, section head, General Precision Labora- 
tory Inc. 
6:30 
BANGUE iY Saltreem—Memeriel Union Building 
THE FUTURE OF AN ENGINEER 


Dr. Richard W. Wallen, director, managerial training di- 
vision, Personnel Research & Development Corp., Cleveland 


E, u Pont 





TUESDAY, OCTOBER 14 


8:30 a.m. 8:30 a.m. 8:30 a.m. 
SESSION 3A SESSION 3B SESSION 3C 
Room 206 Fowler Hall Room 214 
Memorial Center Memorial Center Memorial Center 


Session 3A 

FOU R-BAR Fl pea gh oe nel ge 

Pre Ferdin ana Fr re nstein Dia 
POINT. POSITION REDI CTI N 

C. Wesley Allen, » er (rene 

THE FECUND FOU R BAR 

Prof. R. S. Hartenberg and P 

University 

Session 3B 

CAM-DESIG oa TABLES 

C. N. Neklutin, vice president, Univer Matcl 
DISC-C M Cl RV AT RE 

J. Hirschhorn, schoo echanic rs engineering, New 

Wales University of Techs logy, Sydney, Australia 
HIGH-SPEED SPRING-ACTI <TED C AMS 

Philip Barkan, engineering research and devel »pment 

tory, Switchgear and Control Dis . Canuul Electric Co. 
Session 3C 

MECHANICAL ANALOG COMPUTER COMPONENTS—2 
George W. Michalec, section head, General Precision Labora- 
tory Inc. 

NONCIRCULAR GEARS 

Frederick W. Cunningham, president, Cunningham Indus- 
tries Inc. 


12:15 p.m. 
LUNCHEON—Ballroom—Memorial Union Building 


1:45 p.m. 

SESSION 4—Fowler Hali—Memorial Center 
MEASUREMENT AS A DESIGN TOOL 

F. E. Fisher, manager, Electrical Analysis and Mechanical 
Analysis Lab., International Business Machines Corp 
MICROMOTION ANALYSIS VIA HIGH-SPEED MOVIES 
William G. Hyzer, consulting research engineer, Janesville, 
Wis. 

GENERAL DISCUSSION 





Mail to: MECHANISMS CONFERENCE, Comptroller's Office (Conferences), Purdue University, 


Lafayette, Ind. 
ROOM RESERVATION 


Please reserve in the Union Club the accommodations checked: 
Nights: Oct. 12 Oct. 13 

Single Bed—Bath [1] 

If necessary, will share twin-bed room with another Conference 
member 

Twin Beds—Bath [ 

Room will 

be shared by 


Please send confirmation: 


Name 
Company 
Address 


September 4, 1958 


CONFERENCE REGISTRATION 


The following persons plan to attend the Mecha 
ference, October 13 and 14, 1958 (name and title 


Address 





anotHER @ SURME' EH! rrocess 


New Precision ROTARY FORGE 
saves up to 30% on Finished Parts 


Producing complex solid or hollow parts from less metal 
and with greater accuracy, the Curtiss-Wright Rotary 
Forge provides industry with a new, economical source 
for precision forgings. 





Parts are hot-forged in this CURMET process to tolerances 
of .015 inches outside and .005 inches inside or to still 
higher tolerances when cold forged. Expensive finishing 
time is cut down, chip loss is minimized and added strength 
and toughness assured . . . with overall savings on the 
forged part of up to 30%. 


The Rotary Forge, only one of its type in the United 
States, shapes parts by synchronized blows of four ham- 
mers, each striking up to 600 times a minute. Tapered steel 
truck axles, for example, are produced to accurate dimension 
in 25 seconds. Because dies are comparatively inexpensive, 
orders in moderate volume can be filled at lowered costs. 











: ; : High pressure gas cylinders, jet nozzles, venturis and 
Curtiss-Wright Exclusive Rotary Forge = ther precision components for transportation, oil, electric 


produces precision parts...saves = rotor and other industries can be forged to your order 
industrial buyers from 15% to 30%. by this new CurMET process. 


FOR FULL INFORMATION, WRITE TO: 


METALS PROCESSING DIVISION ® CURTISS-WRIGHT CORPORATION 


760 Northland Avenue Buffalo 15, New York 
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All Electric 
Variable Speed Drive 
with Finger-tip Control 


The new V*S Jr. gives you instantaneous speed changes, 
even under load, without belts, pulleys, or gears. This 
Reliance Drive puts complete machine control at the opera- 
tor’s fingertips. All functions, jog, start, stop, reverse and 
speed changes are placed in a compact, remote control station. 
The 8 to 1 motor speed ratio puts extra flexibility into your 
machinery. Speeds may be changed through this wide range 
as frequently as required. The motor will operate through a 
100 to 1 speed range for jogging or light intermittent duty. 
There’s a big power cushion in the motor too . . . power for 
smooth speed pick up, even under heavy shock loads, and 
dynamic braking for fast controlled stops without shudder- 
ing or jerking. 
The Reliance V*S Jr. is your answer to machinery drive 
problems in the % to 4 horsepower range. Package construc- 
WIDE tion makes installation easy; just plug it in to a single phase 


SPEED RANGE 220 or 440 volt a-c. line. 
aW, 


Write for Bulletin D-2505 for complete details. D-1554 


RELIANCE {3 ELECTRIC 


AND ENGINEERING COMPANY 


Dept. 289A, CLEVELAND 17, OH!O 
CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in principal cities 
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A smart 
hunter knows 
this sign 
means deer... 


A smart 
bearing 
buyer knows 
this sign 


means value... 


wes bearing buyers know 
the trade-mark “Timken” on 
a product means they get the 
greatest value for their money. It’s 
a registered trade-mark identify- 
ing tapered roller bearings, fine 
alloy steel bars, seamless steel 
tubing and removable rock bits, 
products that are made by The 


TAPERED ROLLER BEARINGS ° 


Timken Roller Bearing Company. 

And the name “Timken” stands 
for highest quality. Quality that 
industry knows and wants. 
Quality with a backing of 59 
years’ experience, safeguarded at 
every step from melt of steel to 
finished product. 

It will pay you to remember that 


“Timken” is a trade-mark, not 
just a type of product. If you’re 
looking for the best, look for the 
trade-mark ‘“‘Timken’”’. It’s your 
assurance of getting the highest 
value. The Timken Roller Bearing 
Company, Canton 6, Ohio. Cana- 
dian plant: St. Thomas, Ontario. 
Cable address: ‘““‘TIMROSCO”. 
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REMOVABLE ROCK BITS 


FINE ALLOY STEEL 





